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FOREWORD

Dr Lewis, a roentgenologist of wide expertence in hys special field of chirop-
ody, presents this book primarily as a document of available information con-
cerning the normal and pathological conditions of the human foot, so far as the
roentgenologic evidence 1s concerned In this respect, it does full justice to
what may be expected 1n terms of accuracy, clearness and completeness

In fact, it does more than that As the reader will notice from the very start,
the book approaches its rather limited scope from a wide horizon The author
has taken pains to build up a solid background on embryological and anatomical
basts before entering into the pathological and clinical aspect of the situations.

But the strength of the work lies, we believe, 1n the principle of correlating
anatomucal, pathological and clinical facts with the roentgenographic evidence
The author realizes well that the time of self sufficency of roentgenological
evidence, a concept which permeated the earlier history of roentgenology, 1s
gone, with the exception perhaps of traumatic conditions He therefore leans
heavily on the clinical and pathological relationships to strengthen diagnostic
pomnts of the roentgenogram While this principle of establishing corollaries
naturally expands the volume of the book, the reader should not get impatient
with the author’s excurstons 1nto the field of pathology and clmical signs before
he presents his x-ray diagnosis They are by no means 1dle vagaries, but rather
constitute the most essentsal element in the structure of this presentation As I
take 1t, 1t 15 not the purpose of the book to adduce new facts in the field of roent-
genology of the foot The object 1s rather to harmonize pathological, clinical
and roentgenological facts into a solid structure upon which diagnosis and indi-
cation can be founded From the first chapters on embryological and anatomical
background to the last on inflammatory conditions and tumors, the author has
succeeded extremely well 1n his presentation

October 1951 % d@&&({‘%

ARTHUR STEINDLER, M.D
Iowa City, Iowa



PREFACE

“Having ltied and having toiled, I'd ltke the world to find
Some little tonch of beauty that my soul bas left behind ’

Roenrgen Foot Diagnosis 1s dedicated to Dr Nicholas von Schill, teacher
and writer on subjects pertaining to the ailments of the human foot His col-
leagues and those who were graduated under hum, will remember hss tenactous
efforts to further the advancement, integrity, and rights of the profession,
which he endowed with his life, his talents, and his possessions, his indomitable
determination to drive home certain saenttfic principles, his emphasis on the
study of muscles and jonts, their innervation and integration in health and 1n
disease, his nsistence that practice be predicated on scientific and demonstrated
knowledge these were embraced in the magmificent obsession of his life

In thts book an attempt 1s made to incorporate knowledge aligned to the
diagnosts of foot disabilities through the medium of roentgenography

Treatises concerning roentgenographic study and diagnosts of the foot are
widely scattered throughout medical and scientific literature However, books
on roentgen diagnosis seldom seem to give the foot proper due—with a para-
graph here and there, but actually with little respect for a most tmportant eco-
nomic factor in the enistence of man—his means of locomotion

People datly seek help for the rehef of acute, constant, and chronic foot ills
To approach each problem with an open mind, we must exploit every avail-
able modality Accurate interpretation of a foot roentgenograph correlated
with and supported by clinical observation and laboratory data will greatly
simplify the modus operand: of therapy With this thought Roentgen Foof
Dragnosis was concerved  Little or no treatment will be presented Treatment
15 not the range of this book—diagnosis 15 With correct diagnosis established,
therapcutic procedure 1s no longer empiric but becomes more and more spe-
ctlic

MiLtoN R Lewis

Chicato, Illinoss
1952
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Nicholas von Schill Trust for research and dissemination of knowledge 1n the
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As the most munnte gradation of density 1s
registered (i the roentgenogram), the im-
portance of bemg thojonghly acquamted with
the anatonncal relatrons of the bones produc-
ang the doubtful shadow 1s evident The ques-

tron, then, wonld be whether the supposed

shadow is normal or not
—CARL BECK
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I cannot think when my feet hut,

—ABRAHAM LINCOLN
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Chapter One
HISTORY

Most discovertes of a scientific nature so affect
the minds of men as to amaze and baffle those
whose thinking 1s with current topics  This was
true when newspapers and magazines announced
that a German professor named Wilhelm Kon-
rad von Roentgen had reported the results
of experiments with mvisible rays which he
called “X,” the unknown, late :n 1895 The
discovery of these x-rays was made possible by
the collective efforts of many scientists over a
period of the preceding three hundred years

At the University of Wurzburg, Germany,
Roentgen, Professor of Physics and Director of
the Physical Institute, made this revolutionary
discovery A detailed description of Roentgen’s
discovery was given by Sylvanus P Thompson,
a well-known English physicist, an enthusiastic
x-ray research worker and president of the
newly-founded British Roentgen Society, at a
meeting held on Friday, November 5, 1897, at
St Martmn’s Town Hall in London Thompson’s
report of the discovery agrees with many authen-
tic accounts and realistically describes the situ-
atton as 1t occurred

“November the eighth, 1895, will ever be
memorable in the history of science On that
day a light, never before seen on land or sea,
was first observed The observer, Professor
Wilhelm Conrad Roentgen The place, the In-
stitute of Physics 1n the University of Wurz-
burg in Bavaria He saw, with his own eyes,
a faint, flickering greenish illumination upon
a bit of cardboard, painted over with a fluor-
escent chemical preparation  Upon the
faintly luminous surface appeared a line of

dark shadow This took place 1n a carefully
darkened room, from which every known
kind of visible ray had been scrupulously ex-
cluded In that room was a Crookes tube,
stimulated internally by a current from an
induction coi, but carefully covered by a
shield of black cardboard, impervious to every
known kind of light, even the most intense
Yet 1n the darkness, expressly arranged so as
to allow the eye to watch for lummous phe-
nomena, nothing was visible unti| the hitherto
unrecognized rays, emanating from the
Crookes tube and penetrating the cardboard
shield, fell upon the luminescent screen, thus
revealing their existence and making dark-
ness visible

“From seeing the illumination by the in-
visible rays of a fluorescent screen, and the
line of shadow across 1t, the work of tracing
back that shadow to the object which caused
it, and of verifying the source of the rays to
be the Crookes tube, was to the practised -
vestigator but the work of a few munutes.
The mnvisible rays—for they were invisible
save when they fell upon the chemically
panted screen—were found to have a pene-
trattve power hitherto unimagined  They
penetrated cardboard, wood, and cloth with
ease They would even go through a thick
plank, or a book of 2000 pages, lighting up
the screen placed on the other side But metals
such as copper, 1ron, lead, silver and gold
were less penctrable, the densest of them
being practically opaque Strangest of all,
while flesh was very transparent, bones were
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fairly opaque And so the discoverer, inter-
postng his hands between the source of the
rays and his bit of lumunescent cardboard,
saw the bones of his living hand projected
in silhouette upon the screen The great
discovery was made "’

Dunng the following month the news of the
discovery traveled with almost unbelievable ra-
pidity from the quiet laboratory of the little
town on the river Main to the four corners of
the world The public press in world capitals
printed its first report A ventable flood of ar-
ticles on the new “wonder rays” appeared in
rapid successton  Over one thousand articles on
x-ray appeared tn scientific journals during 1896
Over fifty books on the x-ray were published
10 the same year Innumerable comments ap-
peared 1n popular and semi-saientific journals
Cartoons and poems appearing in many popular
magazines and newspapers form a most inter-
esting part of the carly printed records of the
phenomenon and give us a good 1dea of the
attitude of the general public  As an example,
we quote from the London Pall Mall Gazette.
"We are sick of the roentgen rays It 1s now
said, we hope untruly, that Mr Edison has dis-
covered a substance—tungstate of calcium 1s its
repulsive name—which 1s potental, whatever
that means, to the satd rays. (Calciom tungstate
cnystals are used in fluoroscopic screens ) The
consequence of which appears to be that you
can see other peoples’ bones with the naked eye,
and alxo see through cight inches of solid wood
On the revolting indeceney of thus there is no
need fo dwell Perhaps the best thing would be
for all avibized nations to combine to burn all
works on the roentgen rays to eacuute all the
discorerers, and to corner all the tungstate in
the world and whelm st i the muddic of the
ocean  Let the fish contemplate cach other's
benes of they ik e, but not us ™"

This same agnosince and doubt found espres-

sion 1 jokes as well as in everyday life On
February 19, 1896, Assemblyman Reed of Som-
erset County, New Jersey, prohibited the use
of x-ray mn opera glasses at theaters, and n
London, a firm “made prey of the ignorant
women by advertising the sale of x-ray proof
underclothing ™

Some even believed that with thts new-found
knowledge, all the age old problems of spir-
ttualism, soul photography, vivisection, tem-
perance movements and the philosopher’s stone,
would be solved The College of Physicians
and Surgeons, New York, actually reported
that the rays were used to reflect anatomical
diagrams directly into the brams of the stu-
dents, mahing a much more enduring impression
than the ordinary methods of learning

Thus scattered 1gnorance, pessimism, and op-
position could by no means retard the winning
course of events Hopeful individuals by far
out-numbered the fearful However, there were
those who saw great possibilities 1n this new
science, as nmicely expressed by a German pro-
fessor, who, at the end of a lecture to his class,
made the following statement “If we remem-
ber towhat discoveries the investigations of every
stgntficant natural phenomenon have led us, as,
for example, the attraction of small bodies of
rubbed amber, of 1ron by lodestone, the con-
vulstve twitches of a frog's leg due to electric
charges, the influence of the clectric current on
the magnctic needle, the electromagnetic induc-
tion, we can imagine the possibilities of appli-
cation of an agent which has given rise to such
surprising results within a few weeks after s
discovery

One of the most important contributions to
the progress of roentgenology was the imven-
tion m 1913 of the Jiot cathade tube by the
Amernican scentist, Dr Willlam D Coohdge
Stnce the discovery of a-rays, roentgenologists,
physiaists, wnd engineers think that cach succes-
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stve year has been and will continue to be pro-
ductive of new and better equipment for gen-
eratton and application.

One necessary adjunct to roentgen apparatus
1s a recording medum The only recording
medmm used 1n the early years of roentgenog-
raphy was the dry plate then available for pho-
tographic use According to Roentgen’s third
communication, he had asked several manufac-
turers to produce plates with emulsion that
would be more sensittve to the x-ray beam than
to ordmnary light Unfortunately, the samples
obtamned were not serviceable In Apml, 1896,
certain improvements were attained, especially
by John Carbutt of the University of Pennsyl-
vania, whereby a roentgenogram of the hand
could be taken 1n about twenty minutes on the
Carbutt plate 1nstead of one or more hours’ ex-
posure as required on the conventional plates
of that time

The support for the emulsion was generally
glass, although sometimes a film with a flexible
base was used It did not, however, receive
widespread use Glass added considerably to
the weight of the recording medwum and there
was also constant danger of breakage An 8 by
10 inch plate weighed about 160 grams, while
present-day 8 by 10 inch film weighs about 17
grams Even with its handicaps, glass was
widely used as the support for emulsion as late
as 1920

The glass plates were processed n various
ways, one made use of tanks 1n which the plates
were held by a slotted hanger similar to our
present-day equipment Another method em-
ployed an open tray, a procedure still employed
In photographic printing Later, a tray-rocking
device was built by the Roentgen Manufacturing
Company to mahe unnecessary the constant at-
tendance by the technician

The first film made specifically for x-ray pur-
poses was manufactured by the Eastman Kodak

Company in 1914 This film consisted of 2
single-coated nitrate base, and was followed, 1n
1918, by the double-emulston x-ray film which
made shorter exposures possible The safety
of slow-burning double-emulsion film, ntro-
duced 1n 1924, 1s essentially the same type that
1s used at present Its base 1s composed essen-
tially of cellulose acetate :

Through study and scienttfic research the use
of x-rays has made possible further differenta-
tion of chemical elements They have become a
tool for chemical analysis and determunation
and 1dentification of crystal structure In indus-
try, they are serving as one of the important
testing procedures for a multitude of substances
The significance of the x-ray in the medical,
chiropodical, dental, and biological fields, al-
ready so vast, indicates that constant progress
will be made toward even greater usefulness

TECHNICAL FACTORS
Generating Apparatus for X-Ray Production

X-rays travel at the same speed and obey
many of the same laws as do the rays of visible
light  As in visible light, they are heterogeneous
mn character, comprised of bundles of rays of
many wavelengths Such bundles of rays may
be broken up nto thetr component wavelengths,
by passing them through a grating produced by
atomic arrangement 1n the cleavage planes of
certain crystals In this manner, an x-ray spec-
trum 1s produced sinular in character to the
better known light spectrum, the longer wave-
length x-rays at the lower end of the spectrum
approach the ultra-violet rays, the shorter ones
at the upper end of the spectrum approach the
gamma radium rays

Unlike light, however, their wavelength is
less extended, thereby giving them their dis-
tinguishing characteristic, namely, their ability
to penctrate materials that would absorb or re-
flect the longer waves of wisible light The
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average wavelength of the roentgen ray 1s only
about 1/10,000 that of visible light
The visualization of an object by roentgenog-
raphy depends on the difference 1 1ts density
and that of the surrounding medum If the
difference 1n denstty does not exist, no matter
how penetrable the object may be, 1t cannot be
visualized _The calcum content of bones, 1n
contrast to the lesser density of the surrounding
soft tissue, renders them very compliant to ex-
amination by x-rays In other words, bones cast
shadows because they are denser or more opaque
than the surrounding soft tissues, and thus only
partially affect that part of the x-ray film Like-
wise, the blood-filled heart eliats a relatively
deeper shadow, since 1t 1s denser, than does the
air-filled lung, and so on
- X-rays are not directly visible and produce no
immedtate functional effect upon human sense
organs Their presence may be recognized by
their action on the emulsion of a photographic
film, by their action on certain crystals causing
them to fluoresce with the emussion of light, by
therr phystological action on living tissues, by
thetr 10nizing action on gases causing them to
become conductors of electricity, by their action
on certain chemtcal systems producing a meas-
urable change, and by their action on certain
substances, producing a change of color
The method 1 which x- rays are generated
1s a complex operation, however, know lgdjég_of
onhy a few of the basic fundamentals 1s neces-
sary for practical purposes The next few para-
graphs will be himated to stmple, elementary
facts, beginning with the introduction of current
at the main-line switch and following the cur-
rent on through the various parts of the appa-
ratus
In the high-tension circuit the alternating cus-
rent enters through the mam-ine switch,
through fuses, and goes directly into the auto-
transformer An auto-transformer consists es-

"

sentially of a single coll of wire, wound about
an 1ron core, with taps from the coil conven-
tently arranged so that vamable turns of the
winding can be conventently subtended in a
secondary crcutt

The purpose of an auto- transformer 15 to
hold the voltage constant througho'ﬁt wide vari-
ations 1n the amperage, thereby controlling the
value of the voltage applied to the primary
winding of the x-ray transformer To excte an
x-ray tube, a high-tension current s necessary
so that, for this purpose, a step-up transformer
1s used This type of transformer consists es
sentially of a ring of 1ron with two independent
coils of wire wound about 1t, one the primary
winding by which electricity 1s introduced, the
other, a secondary winding from which the mn-
duced current 1s withdrawn Depending upon
the ratio between the number of turns of wire
in the primary and secondary coils or windings,
such a transformer may increase the voltage
Most x-ray transformers have a ratio of 500 or
more turns of wire 1 the secondary to every
single turn of wire i the primary This type
of transformer, x-ray tube, and high-tension
wires are all 1 a small compartment enttrely
immersed 1n oil, thus affording a safety factor
against danger from the high-tension current

Such “shock-proof” units are particularly use-
ful for dental and chiropodical roentgenogra-
phy, or for fluoroscopy 1n connection with reduc-
tion of fractures

Continuing on with our alternating current,
the secondary winding of the step-up trans-
former 1s connected directly across the x-ray,
tube, one terminal to the anode, or positive end,
and the other to the cathode, or negative end
of the tube, which, by the way, 1s n the filament
arcutt  Before following the cutrent into the
tube we must first constder a means of current
rectification  Since the primary current entering
the transformer 1s alternating, the high-
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tensioned induced current leaving the trans-
former must necessarily be alternating also  But

t
In order to produce x-rays in an x-ray tube,
certain conditions are necessary There must

a direct current 1s necessary for the energizing _~be a source of electrons, there must be a step-up

of an x-ray tube, therefore, some method must
be found to change the high-tenston alternating
current mto high-tension direct The simplest
type of rectification is that wherein the x-ray
tube, acting as 1ts own rectifier, 1s equipped with
a radrator to dissipate the heat generated 1n the
anode The current applied to the tube 1s alter-
nating, but the combination of a hot cathode and
a relatively cold anode permuts this current to
pass 1n only one direction to flow only during
the first half of the cycle, or positive phase A
milliampere meter, which indicates tube current,
1s connected across the middle of the grounded
secondary winding of the high-tension or step-
up transformer, on a secondary lead, going to
the tube anode while the other 1s connected to
the cathode
One of the first conditions essential for the
operation of an x-ray tube 1s a source of elec-
trons For this purpose we have a filament cir-
cutt that receives its power from the same line
that supplies the auto-transformer The current
then proceeds into a Coolidge step-down fila-
ment transformer, which lowers line voltage 1n
a ratto of approximately 23 to 1 In the cathode
or negative end of the tube, the Coolidge fila-
ment 1s lighted by an accessory circutt which
comes from the secondary coil of the Coolidge
step-down transformer The amount of current
flowing from the Coolidge step-down trans-
former 1s varied by a rheostat, which 1s a series
of resistance coils, through which the current
flows before reaching the Coolidge transformer
We now have followed the current through two
crecutts, the high-tension and the filament cir-
cutts  All the foregoing devices and factors of
physics enter into the mechanism and function
of the x-ray tube, making 1t possible for the
tube to produce the desired roentgen ray

transformer to produce a high voltage with
which to accelerate the electrons to high veloc-
ity, there must be a vacuum in which the elec-
trons can accelerate without interference from
atoms of gas, and there must be a target against
which the electrons impinge and which then
become the source of all x-rays

Stationary Anode Tube

Basically, the device consists of a highly evac-
ucated glass bulb into which are sealed two
electrodes the cathode, or negative electrode,
and the anode, or positive electrode In the hot
cathode x-ray tube developed by Coolidge, the
type used almost entirely at present, the elec-
tron source 1s a small coil of tungsten wire which
1s heated by the passage of an electric current
through 1t from the filament transformer The
electrons are ejected from the heated wire, the
amount of discharge depends upon the tempera-
ture and size of the wire Surrounding the fila-
ment 1s a molybdenum sleeve, terminating 1n 2
focusing cup that serves to concentrate the elec-
trons on a small area of the anode, called the
focal spot (Figure 1) When the filament
hds been rendered incandescent, and a high po-
tential 1s applied across the terminals of the
x-ray tube, these loosely-bound electrons being
of like charge will be driven off The anode
being of positive charge will attract the electrons
and they will fly across with great speed, strik-
ing the face of the target, they are stopped
abruptly The impact of the electron stream sets
up vibration of the target causing x-rays to be
given off The anode of the tube 1s usually a
solid bar of copper, with the end facing the
cathode cut to form with the tube axis at an

""angle of 15 to 20 degrees The target, a small

tungsten disk, 1s set into this angular surface and
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x-rays are produced when 1t 1s bombarded by
the stream of electrons from the cathode Tung-
sten 15 used here because of its high melting
point of 3,300 degrees centigrade The copper
bar fused 1nto, and protruding out of, the anode
end of the glass envelope 1s known as the anode
stem It serves to support the anode and to
carry away the heat generated during operation
Thus x-rays are generated after the electron
stream has bombarded the target on the anode,
and from the tungsten target the x-ray beam
15 projected

Rotating Anode Tube (Figure 1A)

The development of the rotating anode tube
has increased the energy rating of the x-ray tube
During an exposure the surface under electronic
bombardment 1s ever changing so that there 1s
no constant bombardment of any area of the
anode

Figure 1A shows a section of the rotating
anode tube A tungsten disk 1s welded to a black
coated copper anode which causes a marked 1n-
crease in the ability of the tube to store up heat
The copper anode 1s rotated on an axis through
the tube The tungsten disk anode rotates once
in 1/56 second with a speed of 3400 revolutions
per minute

The rotating anode tube has a much greater
current-carrying ability than the stationary an-
ode tube With the rotating anode type, power

and decreased time are possible without loss
of clanty

+ Summary of Production of the X-Ray Beam

1 A glass tube 1s used from which air has
been withdrawn

2 Tube has three wires and two electrodes,
with an intervening space or gap through
which two currents run  The lighting of
the tube 1s produced by one low-voltage
current making the electrical field pos-
sible for the induced current to flow casily

This current 1s the one from which the
rays extend

3 The second current, which 1s high-tenston,
jamps from the copper anode (plus [+7)
to the tungsten cathode (minus {—7) at
such an angle as to bounce off and out of
the glass tube This 1s the beam or ray
we call the x-ray or roentgen ray It
widens out to a cone, so the farther the
distance from the tube, the wider the
cone Persistent bombardment on the
cathode heats 1t

4 Cooling of the cathode 1s done by aur,
water or o immersion systems

Mechanics of Fluoroscopy

As the x-ray beam makes 1its exit from the
machine, 1t will have a penetrating power ot
depth 1 proportion to the voltage output of the
machine \The greater the centimeter thickness
of the part being rayed the greater voltage 1s
required Every machine has its own maximum
capacity or rating and opttmum working dis-
tance

For fluoroscopy, a box 1s used composed of
a plate of glass impregnated with a “'transitory”
fluorescent material (calcum tungstate) This
fluorescent screen 1s put between the patient
and the operator Here we get temporary x-ray
view—not a recorded picture The rays do not
escape from the glass screen since 1t 1s leaded

Stereoscopic Fluoroscopes

To obtain a picture of depth or the third
dimension, equipment 1s now available which
views the object from several angles This 1s
espectally useful 1n locating foreign bodies

As an ad to fluoroscopic exploration, a simple
finder may be devised by using a piece of ordinary
lead foil with an aperture 1n the center Wath forl 1n
one hand, search the arer while traming the fluoro-
scope on the finder with the other The pont where

lesion (cvostosis) or object comes to view may be
mndscated on skin with sodine
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TECHNICAL FACTORS FOR
ROENTGENOGRAPHY OF THE FOOT

Exposure Holders

We have found that cardboard holders with
non-screen film are very satisfactory for use mn
diagnostic procedure with special reference to
foot roentgenography Cardboard holders func-
tion very much as any ordinary envelope We
retain the black or yellow protective paper
about the film and insert it into the holder The
open end of the protective paper, and the film
within, 1s positioned at the hinged portion of
the envelope The apron of the flaps 1s folded
back first, next to the sides and finally the end
of the envelope (Figure 2)

._..
P

I
;
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3

PROPER FOLDING OF CARDBOARD HOLDER

FIGURE 2

A cardboard holder 1s made of ray-transparent
cardboard with a binding The cover on one end
has a thin lead foil layer which absorbs the
scattered rays Most holders identify the top or
tube side of the holders The bottom will be
the lead foil side

Filters

Tilters are thin sheets of matertal which are
placed between the patient and the tube, and
through which the roentgen rays must traverse

before hitting the film They take up some of
the soft injurtous rays Most machines have a
filter built permanently in the tube head, but
additional filters can be added to the machine
The permanent filter 1s called the inherent filter
and includes the glass wall of the tube, the od
which immerses the tube and the wall of the
tube head

Most roentgenographic umits utilize thin
sheets of a known thickness of alummum

In general, filters absorb radiations of all
wavelengths However, they absorb more of the
longer wavelength rays or soft rays The result,
therefore, increases the amount of push behind
the beam, so that even the longest rays, which
could be injurious to the patient’s skin, are fil-
tered out Using filters gives greater leeway n
the number of repeated exposures that may be
administered in a given area For ordinary roent-
genography a 10 mullimeter thickness of alu-
minum 15 constdered adequate protection

Figure 3 1s an experimental film showing the
use of a varied thickness of alumium filters
Number 1 uses a filter 1 millimeter 1n thickness,
number 2 uses a 2 mulmmeter filter, etc The
factors used in each instance are constant
kvp44, Ma20, S 214, Distance 36 inches
(914 cm ) Note that number 1 shows osseous
trabeculation most clearly

Exposure Technique

With our machine we use a factor of 34 to
which 1s added the double thickness in centi-
meters of the part being x-rayed For example,
if the thichness 1s 6 cm, we double 1t, getting
12, add 34, and arrive at 46 which will be the
kvp We drop six pomts off the established
kvp whenever a greater vizualization of soft
tissue 15 desired

Cantion  Every measure should be instituted at
time of installation of roentgen equipment to prosvide
for the protection of the technician agaimnst undue ex-
posure to the rays
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Factors for Foot Roentgenography:

CHILDREN
ADULTS  1-10 YEARS INFANTS
MaS 50 25 20
Distance 36” 36" 36"
(Tube to Target)

Thickness m 1 2 3 4 5 6 7 8 9 1011
Centimeters

Kilovoltage 36 38 40 42 44 46 48 50 52 54 56

Film Non-screen

(Courtesy Cahoon Duke University Medical School)

Development of X-Ray Film

Correct diagnosis 1s posstble only with “diag-
nostic” films In x-ray work we strive for the
utmost mn clarity of detarl Hence a few pre-
cauttons are 1n order A fairly large lead-lined
storage box approximately 1014” x 21”7 (267
cm by 533 am) should house all films,
which protects them agamnst undue exposure to
the x-rays In opening exposed film n the dark-
room, always grasp and hold it at the edges

Standard solutions should be used and kept
fresh 1f uniform results are to be obtained For
any given x-ray plate there exists an optimum
developing time If, after having used the de-

TiGURE 3 Laperimental film showing the use of vaned thickness of aluminum filters
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veloping table, the negatives appear thick, black
and dense, 1t 1s probable that the film has been
overexposed On the other hand, if they are
light, thin and show little or no bony detail,
the Ailm has been underexposed

In roentgen diagnosis, where every shadow
1s of such vital significance, certain precautions
should be followed to bring out a diagnostically
clear negative, stnce a true interpretation can
hardly be made from a poorly developed film
For sharp definition and differentiation of den-
stties 1n bony structures, 1t 1s advisable to use
hydroquinone together with additional bromide
For soft structures and pathdlogxcal changes in
osseous parts, the addition of metol or elon and
pyrogallic acid 1s recommended Temperature
often affects the results of certain solutions used
For example, hydroquinone becomes inert under
65° F and too active over 70° F

Developer:

The following solution has found favor with
many roentgenologsts as a developer 1 gallon
water, 1/ ounce metol or elon, 4 ounces hydro-
quinone, 714 ounces sodum sulfate Dissolve
this and mr with equal parts of the following
solution 1 gallon water, 714 ounces sodium
sulfate, 10 ounces sodium carbonate, 5 ounces
potassum  carbonate, 34 ounce potassium
bromtde

Frung Bath:

For the fixing bath, thoroughly dissolve 16
ounces of hyposulfite of soda 1n 64 ounces of
water Add thus to the hardeming solution of
the followng 1 ounce soda sulfite, 3 ounces
acetic acid, 1 ounce powdered alum in 5 ounces
of water

The mode of pracedure in directing x-ray
evposures, 1f standardized and followed by a
standard developing time, should give uni-
formly good films

After the full developing time the film 1s
washed in water It1s then placed in the “fixer”
and left for ten to fifteen minutes The film
should now be clear It 1s again washed in clear
water, this time for twenty minutes and then
allowed to dry If films seem to be gritty after
drying, they should be re-washed and gently
brushed with a fine, rubber-set, camel’s hair
brush .

; Time and Temperature

Developing Table
43/4 minutes 60° F 21/, minutes 70° F
4 minutes 63° F 2  munutes 72° F

31/, minutes 65° F 13/ minutes 75° F
3* punutes 68° F 114 munutes 80° F

For non-screen film add 2 minutes to time shown i1n
table
*Opttmum

Causes of Poor X-Ray Negatives
1 Dark, thick, dense films
Causes Overdevelopment esther devel-

oping time 1s excesstve or the
temperature 1s too high

Overexposure MaS or kvp
factors can be assumed to be 1n-
correct

2 Light, thin films
Causes Underdevelopment either de-
veloping time 1s insufficient or
temperature 1s too low Dissi-
pated old developing solution,
the tank should be checked for
leakage
Underexposure Ma S or kvp
factors incorrect
3 Toggy films
Causes  Unsafe light in dark room
Use of safelight with too high
wattage, 25 watt bulbs should
be highest used
Unwanted exposure of films to
a-ray radiation
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Faulty developing solution
Fidms will become foggy after
storage 1n area of high tempera-
ture and humidity

4. Streaky films

Causes Examining films before com-
plete development has taken
place It 1s unwise to inspect
films untd they are fixed
Failure to agitate films 1n devel-
oping solution They should be
moved around freely i devel-
oper to make sure that their
entire surface receives same
strength of solution

5 Vague films
Causes Coarse film gran
Distance between tube to target
too great
Large focal spot

Courtesy Fastman Kodak Company

A Pattern for Interpretation

Once a diagnostic film has been properly
made we proceed to interpret its lights and shad-
ows Roentgenographic pictures of the extremi-
ties are by no means the simplest to interpret,
therefore, varied positions are required before a
definite diagnosts can be established For ex-
ample, supernumerary bones have been ter-
preted as chip fractures and apparent disloca-
tions similarly misinterpreted because of poor
positiontng of the parts under exposure Hasty
and haphazard examination of film should be
discouraged Do not jump to conclustons, but
follow systematically and with meticulous ob-
servation a preconcerved routine of examination

1 Bone configuration Note departures
from normal
Texture of bone Note all changes n
density and trabeculation
Appearance of joint surfaces

2

w3

4 Study of soft tissue
5 Except 1n emergency, do not form a first
opinion upon a wet-film reading, since 1t
presents much greater difficulty to distin-
guish an abnormality
The examiner must be familiar with normal
bone structure and anatomy as well as with the
minor changes 1n bone that are still within the
normal limits Before pathological changes can
be demonstrated, the interpreter must be posi-
tive that the alterations revealed are definstely
out of the limuts of the normal
In unusual diseases and cases suggestive of
uncommon lesions, a consulting roentgenologtst
should be called 1n for an opinton and reading
of the films

Projections

We must bear 1n mind that x-ray films of the
foot are the production of shadows of varying
densities and it delineates soft tissue as light
shadows and bone as a darker profile

To avoid distortion and to maintain normal
relationships the part to be x-rayed must be 1n
close contact with the plate Films should not
be crowded—always allow a fair margin for
contrast around the part being examined.

Views .

It 1s always good technique to take more than
one view A single view 1s not even accepted
in court 1n medicolegal matters and therefore
should not be accepted for dragnostic purposes
It 1s well to establish and follow a definite pro-
cedure (1) make several different posttions 1n
any given case, (2) attempt to place the mn-
jured part as closely to the film holder as pos-

sible
Recording the X-Ray Picture

1 Tilm 1s exposed to ravs
2 The penetration of roentgen ravs 1s rela-
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tive, they go through soft tissues more
readdy than they do muneral matter, as
1n osseous structures

Silver solutions on film are acted upon by
rays

Developing solution (water, sodum sul-
fite and potassium carbonate) acts on the
sitver exposed to the ray

Fixative, composed of water, sodum sul-
fite, tartaric acid and sodmm hyposulfite
1s now used which fixes the silver

Final result 1s an image or shadow and
not actually a “picture ”

Bone shows up white, while the surround-
ing tissue appears gray to black since soft
tissues are less dense.



CONTENTS OF
CHAPTER TWO

Development of the Foot

Comparative Anatomy and Evolution of the Human Foot
Arboreal Life

Terrestrial Life

Development of the Newborn Foot

Rate of Ossification and Growth

frregular Calcification

Table of Appearance of Ossification Centers in the Fetus
Table of Appearance of Ossification Centers after Birth
Normal Anatomy of Bone

Cartilage.

Cartilage Formation

* Supernumerary Pedal Bones

Description of Supernumerary Bones

Congenital Deformities of Bones of the Feet
Congenital Agenesis of the Metatarsal Bones
Congenital Pseudarthrosis

Alterations of Growing Bone

Acute Bone Atrophy

Focal Sclerosis in Spongy Bone

Osteoporosis in Foot Bones

Osteogenesis Imperfecta

13



so long as Man has been Man and so long
as he 1emamns Man, 1t 15 by his feet he will be
Enown from all other members of the anmal

kmngdom
F WOOD JONES

-,

14



Chapter Two
DEVELOPMENT

Comparative Anatomy and Evolution
of the Human Foot

The foot of man 1s a superb dlustration of
the flexibility of anatomic parts to the demands
of function and environment

Of all the vertebrates man 1s unique in that
he walks upright The human foot therefore
has an appearance that 1s distinctly its own
Three terms should be defined to comprehend
the comparative anatomy of the three higher
primates pronograde, orthograde and plants-
grade

Pronograde: Walking or resting with the

body horizontal, denoting the posture of
quadrupeds

Oithograde Walking or standing erect, de-

noting the posture of man

Plantigiade Bringing the entire length of the

sole of the foot to the ground in walking

Man and the higher apes are among the few
mammals who walk on the entire under or
plantar surface of the foot In some amimals
only toes and ball of foot or toes alone touch
the ground as 1n the cat and dog In others only
tips of toes as 1n deer and cattle, while 1n horses
only a single toe makes contact with the ground

The chimpanzee 1s a pronograde primate in-
asmuch as 1t stands with the body 1n a horizontal
attitude

The gorilla 1s classified as an orthograde
primate even though he does not stand on his
hind legs for long periods

The chimpanzee 1s better adapted for terres-
trial living than 1s the gonlla Orngnally they
led a dual existence—that 1s, they could lead an
arboreal or terrestrial life

15

OF THE FOOT

Arboreal Life

Man’s earliest ancestors lived n trees and n
this environment the foot was used chiefly for
grasping or prehenston The arboreal foot 15 a
powerful and flexible structure anteriorly, while
the calcaneal portion 1s relatively weak and
therefore not well developed An arboreal foot
then 1s one possessing metatarsals and phalanges
that are very highly developed, long and flex-
ible The hallux points medialward, the heel
1s underdeveloped and does not touch the
ground

Structurally, but not functionally, we may
compare the arboreal type of foot with a pes
cavus However, placing this foot on its tread-
ing surface under the supersmposed body, the
weight falls to the inside of the foot with ante-
rior structures so flexible that the inner border
reaches the ground It 1s possible that such
transition took place and gamed permanence
in the development of the human foot from an
arboreal to a terrestrial environment

Terrestrial Life

In the erect position man’s foot had to pro-
vide a foundation which would accommodate
the supertmposed, unstable structure within a
relatively small base of support, especially 1n
standing The umimportant calcaneus became
highly developed and now forms the posterior
pillar for weight bearing

The foot in the erect position becomes an
organ of locomotion A leverage action for
lifting and propelling the body forward for lo-
comotion 5 needed We should note that in
the arboreal foot the mnternal cunciform actu-
ally touches the ground This makes a short
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lever of the metatarsals, and consequently a
poorly functioning foot 1n locomotion There-
fore, an alteration 1s necessary, one that rases
the imternal cunetform from its ground contact
and increases the length of the lever of the
metatarsals

It 1s belteved that both the navicular and the
internal cunetform were raised by the action
which developed powerful plantar ligaments
and muscles, closely related to the form and
function of the calcaneus The superior surface
of the calcaneus 1n the arboreal foot 1s inclined
downward and mmward A gradual changing
came about with the elevation of the navicular
and cuneiform, and the calcaneus, too, was
raised, and by 1ts positton the cubotd also At
the same time the calcaneus became rotated out-
ward The supertor surface began to tilt down-
ward and slightly inward Now most of the
superimposed body weight 1s thrown to the
outer stde of the foot

The last major alteration was in the hallux
The hallux of the arboreal foot was freely mov-
able and a constderable space existed between
it and the second digit Gradually as body
weight was shifted more and more to the outer
border of the foot, the great toe and 1ts meta-
tarsal became parallel to the second metatarsal
and the phalanges of the second toe

Summary-

The following quotation from Darwin’s The
Descent of Man seems to sum up adequately
the preceding discusston of the human foot
"Among all the carly progenttors of man, we
find that man alone has become a biped, and
we can, I think, partly see how he has come to
assume his erect attitude, which forms one of
his most conspicuous characters  Man could
not have attained his present dominant posttion
m the world without the use of his hands  Trom
this cause alone 1t would have been an advan-
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IN FETUS AND AFTER BIRTH

FIGURE 4

tage to man to become a biped, but 1n addition
he must for this end be able to stand firmly on
his feet To gain this great advantage, the feet
have been rendered flat, and the great toe pe-
culiarly modified, though this has entailed
almost complete loss of 1ts power of prehension
It accords with the principle of division of
phystological labor, prevailing throughout the
animal hingdom, that as the hands became per-
fected for prehension, the feet have become
perfected for support and locomotion ™

The foot of man 1s the end-result of countless
mutations in form, function and structure that
it has undergone 1n 1ts evolutionary excursions
Its carliest history goes back to the fins of fish,
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the limbs of reptiles and mammals and so on
down to the present efficient but trouble-making
foot of man When man finally stood erect, the
function of his foot became essentially a sup-
porting organ for his body for the first time

Development of the Foot 1n the
Newborn Infant

At the end of the second month of intra-
uterine existence, a spectalized grouping of the
cartilage of the skeletal parts occurs These later
develop nto the bony structures of the body
The primary centers of ossification for the long
or tubular bones of the extremities are normally
present before birth  (Figure 4 ) The first os-
sific centers are formed by calcium deposits nto
the cartilaginous framework of the fetal shaft
Secondary ossifying centers ordinarily show up
postnatally, with the exception of the femoral
distal epiphysis The rate at which bone forces
its way towards the cartilaginous plates 1s more
rapid at the articular surface of the ossifying
center The alteration that bone undergoes in
the diaphysis or shaft before 1t attains its per-
manent shape 1s termed “modeling” Here mn
the growing shaft is usually found the patho-
logical changes i bone disease which involves
the maturing skeleton

The calcaneus, during intra-uterine life, 1s 1n
a tahpes varus posttion The varus 1s present at
birth but as the foot assumes its weight-bearing
function, the calcaneus s tilted to the valgus
attitude

A poimnt to be stressed 1s the slow change 1n
relationship of the cuboid and the navicular
In fetal Itfe they lic lateral to each other,
Whereas at birth the cubotd lies nferior to the
navicular

The foot of the newborn infant loses its width
and develops 1n length A long second toe 1s
normal n fetal life, but at birth the first toe 1s
hormally Jonger

Early childhood brings with 1t a very rapid
growth 1n the length of the foot (Figure 5)
We have seen children from one to three years
of age whose shoes were short within three to
four weeks after a good fitting

FIGURE 5 Schematic Roentgenograms of Toot of Growing
Child (1) One year old Note that bones are only soft
masses (2) Three years old The bones of the arch are form-
ing (3) Sux years old The bones are approaching the mature

configuration, although ossification has not been completed
(Reproduced from Lewis Cluropodial Pediatries )

Rate of Ossification and Growth

For accurate determination of the skeletal
age, the whole sheletal structure should be ex-
amined by roentgenography However, since
such procedure 1s not practical, a common
method 1s to study a hand, a foot, or both

Scammon, Hodges (Figure 6) and others
have demonstrated with their charts the normal
time of appearance of each of the bones of the
skelton from intra-uterine to adult life Pro-
cedure for ascertaining skeletal age 1s incom-
plete unless a proper charting of weight and
height factors 1s included

The rate of growth of bones in length 1s de-
termined by making roentgenograms at various
age levels As a general rule, the bones of boys
develop i length a trifle slower than in girls,
generally until the age of puberty.

Scienttfic data for rate of growth, besides
that 1n length, as i alterations in cortex and
medulla and location of the nutrient foramen,
are still not standardized
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Irregular Ossification

The normal process of ossification 1n the sec-
ondary epiphyseal centers as well as primary
centers 1 foot bones 1s presumed to be a regu-
lar, smooth operation As a matter of fact,
there are multiple areas 1n the developing skele-
ton where the process of ossification does not
follow a perfectly even, regular schedule Actu-
ally, 1n some tarsal bones can be demonstrated
instances of early ossification which proceeds
from many, tiny, 1rregular ossific foct At a later
date these irregular areas coalesce and then ossi-
fication follows a smoother course

Inability to interpret normal deviations of
calcthcation 1n skeletal development has been
responsible for faulty diagnosis—such devsa-
ations have been most commonly mustaken for
fractures and osteitis

Normal Anatomy of Bone

Two types of osseous conformation are found
in the lower extremity, the long tubular bones
of the feet and legs and the irregular ones n
the ankle The tubular bones (Figure 7) are
essentially altke 1n  development, differing
mainly 1n size

TABLE A

APPEARANCE OT OSSIFICATION CENTERS IN THL FETUS
LOWER EXTREMITY

Temur—diaphysis
—distal end draphysis

Tibia—draphysis
—provmal epiphysts

Fibula
Calcancus
Talus
Cuboid

Metatarsals—2d and 3rd
4th, sth, 1st

Phalanges—terminal, 1st
2nd, 3rd, 4th
Sth

proximal, 1st to 5th
middle, 2nd

5rd

Ath

sth

7-9 weeks
35-40 weeks

8-9 weeks
40 weeks

9 weeks
14-25 wechs
24-32 weeks

40 wecehs

9 weels
10-12 weeks

9 weeks
10-12 wecks
13-14 wecks

13-14 weeks
20 weehs
21 weeks
29 weehs
33 weehs
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A developing bone of the tubular variety 1s
made up of shaft and two ends The shaft or
diaphysss 1s a tube with an outer portion of com-
pact bone, the cortex, within 1s the medullary
cavity. The cortical bone 1s heaviest at the mid-
dle one third of the shaft narrowing down to
a razor edge at the extremities where are found
calafied cartilaginous plates, or “"growing ends ”
Withtn the internal surface of these plates are
laid down spongy bone The outer covering or
protective sheath of the cortex 1s the pertosteum,
a specialized membrane of vascular, fibrous con-

necttve tissue A dense network of this tissue
and fine elastic fibers, it supports the ramifica-
tion of vessels previous to distribution i the
bone, to which 1t 1s adherent, as well as fine
nerve tissue It envelops the entire surface of
the bone, except at the cartilaginous extremitses,
and 1s more vascular 1n young bones

In metatarsals and phalanges secondary cen-
ters of ossification appear 1n only one of the
two epiphyseal plates, whereas 1n other tubular
bones there 15 a center of ossification for each
eptphyseal plate

TABLE B

APPLARANCE OF OSSIFICATION CENTERS AFTER BIRTH
LOWER EXTREMITY

Femur—head
greater trochanter
lesser trochanter
lower epiphysts

Patella

Fibula—upper epiphysis
lower epiphysis

Tibra—upper epiphysts
lower epiphysis

Tarsus—calcaneus (1n order of appearance)
calcaneus (epiphysis)
talus
cuboid
external cuneiform
mternal cuneiform
middle cuneiform
navicular

Mchmrsals—-cpxphysxs
Phalangcs-—cpnph) s1s

Sesamouds of flevor hallucis brevis

TIME OF TIMEL OF
APPLARANCE FUSION
. 1lyear 18 years
4 years 18 years
11 years 17 yeats
birth 20 years
.« 2-3years 24 years
4 years . 24 years

2 years 18 yecars
birth 22 years

2 years 18 years
birth 15-19 years

8 years 15~19 years
birth 15-19 years
birth 15-19 years
Iyear 15-19 years

3 years 15-19 vears

3 years 15-19 years

4 years, 15-19 years
3-8 years 18 years
4-7 years I8 years

5 years
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FOOT PRIMARY CENTERS FOOT SECONDARY CENTERS
A F
08%y  phai w2-35m JA) A6 preaT Tuee
B Bag Phal I 10fw -7y D@B% -2y 11-22y
Phal I 2-4fm 53*9'24"’ 12-22
Metat 2-4fm —6 24m y
Cun L 9fm-3 5y
Cun I 9m -5 6-2 13-
Cun I 9m ~4)): 4m 3 22y
o Cuboid 6tm- 1y —_— ]
Navi 3m -5y |
Talus 35 fm-2m
Calca 3fm -1m
5-12y  12-22y

fm <fetal months,

m = post natal months,

y = year

FiIGURE 6 Time schedule for appearance of primary and secondary centers and fusion
of secondary centers with the shafts in the feet
\Modified from Seammon i Morns Human Anatomy ) (From Caffey s Pediatric X-Ray Diagnoms) Courtesy Y ear Book Publichers, Chicaga

Formation of Bone

The human architecture 1s supported by an
osseous framework In childhood and adoles-
cence the formation of these bones 1s mncom-
plete, and a less firm framework of cartilage
precedes the bony sheleton of the adult

True bones do not lie around loosely in the
tissues but are joined together in what 1s known
as articulation  Surrounding this “junction™ are
tough, white fibrous bands, the ligaments, which
bind the articulating members A surface where
the ends of two bones come together, 1s their
articular surface

Tour types of bones are distmguished accord-
g to shape, as short, long, flat and irregular

The best example of short bones are the
seven bones of the tarsus the calcaneus, talus,
navicular, cubord and the three cuneiforms
Others are the tv o short bones under the head
of the fisst metatarsal, the sesamord bones,
which are developed within a tendon

In the extremuties are a number of long bones,
the femur, the tibia and its mate, the fibula,
constituting the solid framework of the leg
Thus type of bone has a shaft and two ends A
central canal or medullary cavity within the
shaft serves a four-fold purpose

1 Housing of bone marrow, the substance
which forms blood corpuscles
Makes bones lighter
Makes bones stronger, increasing, by rea-
son of the hollowness, the resistance to
external shock

4 Replensshes blood supply through the

vascular bed of the endosteum

Flat bones are those of the skull and ribs
which are uvsually curved

Irregular bones are of peculiar shapes and
include those of the vertebral column

The histologic or microscopic anatomy of
bonc shows layers or lamellae between which
are lacunae, tiny pits or holes, i which are im-
prisoned one bone cell Narrow passageways

W N
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which connect the lacunae are the canaliculit A
group of lamellae constitute a haversian system
Bone 1n the living subject has properties and
characteristics peculiar to 1t and to no other
type of tissue
1 With the exception of the bones of the
skull, the ends of bones are covered with
an articular cartilage
2 Surrounding and adhering to the surface
of the bone 1s a tough fibrous tissue, the
periosteun, through which blood passes
to the interior of bone
3 Bones, through their periosteum, serve
as attachments for ligaments, and nser-
tion for the tendons of muscles
4 The central or medullary cavity houses
the marrow
5 Annner covering or endosteum lines cen-
tral canal of spongy bones, which leads
to the periosteum on the outside
Specimens for anatomical study of bone are
naturally desiccated However, 1t 1s still pos-
sible to study almost all of the structures except
the periosteum and the bone marrow In the
shaft of a long bone, an opening, the nutrient
foramen, 15 easily identified This opening 1s
the avenue through which blood enters and
leaves bones
The majority of bones are roughened ex-
tertorly, affording ligamentous and tendinous
insertions The sides of bones, the surface areas,
dertve their nomenclature from the angle or po-
sition to which they pomt
The mesodermal germ layer, i forming the
several types of connective tissue, simultane-
ously produces fibroblasts, osteoblasts and osteo-
clasts  The osteoblasts are the actual bone-
bulldmg cells while the osteoclasts, which are
large multi-nuclear cells, are directly concerned
In mitiating a hardening of the bone by absorb-
Ing excessive bone matrin  The osteoblasts and
Osteaclasts function at the same time

The budding stone of bone tissue 1s the la-
mellae, which are concentrically-arranged rings
of calcified connective tissue  The bones of the
limbs develop by intra-cartilaginous osstfication,
thus, before ossification takes place the bones
are preceded by cords of cartilage The primary
step 1n the osstfication of cartilage 1s a hyper-
trophy of the individual cartdage cells at a
gtven point  That 1s the “center of osstfication ™

Following this the cells arrange themselves
in orderly pattern in rows The substance
within the matrix increases, a process which
forces the cells farther apart Within the matrix
1s then depostted calcium salts between the rows

FAT
MUSCLE

PROXIMAL
EPIPHYSIS

EPIPHYSEAL OSSIFIC
CENTER

SPONGY BONE
PERIOSTEUM

NUTRIENT CANAL

CORTEX

MEDULLLA

NORMAL TUBULAR BONE

FiGUurg 7

of cells which become separated from each other
by longitudinal columns of calcified matrix
This calaification of the matrix between cells of

the same row occurs simultaneously. Conse-
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quently, the longttudinal groups of cartilage
cells become enclosed 1n a cavity and the cells
atrophy, which leaves spaces called primary
areolae

Cartlage

Cartiage 1s a tough but yielding substance,
devoid of blood or nerve supply, occurring
generally i early life or adolescence and later
largely replaced by bone

The three types of cartilage are hyaline,
white fibrous and yellow elastic

Hyaline cartilage 1s the glass-like, translucent
vartety found 1n the nose, the sternum and the
laryns  All cartilage that does eventually form
bore 1s of this substance

White fibrous cartilage 1s composed of tough
bands of white connective hsshe, intertwined
with a small amount of cartilage This type 1s
found chiefly between the vertebrae, and 1s pres-
ent also m the knee joint 1n the form of two
moon-shaped structures, the semilunar carts-
lages

Yellow elastic cartilage differs little from
the white variety except that 1ts constituent fibers
are more elastic than tough It 1s found chefly
in the larynx and in the outer ear

Cartilage Formation

The umt cells of the mesoderm enlarge and
form a covering around themselves and then
divide into two Cell division continues until
they are surrounded by a fibrous substance
These are the cartilaginous cells The outer-
most layer remains as a covering-sheath known
as perichondrium

Bone development begins at about the eighth
week of intra-uterine life  Most bones begin
osstfication at more than one point The primary
center of osstfication may be designated as the
pomnt where bone cells are first formed, and
later the bone formation at a distance, would
be the secondary center

Bone formed from cartilage starts near the
center of a cartilage bone The unit cells en-
large and begin depositing calcium salts rapidly
so that soon the size of this structure is very
large The small cartilage cells are then loched
up within the matrix of calcrum deposit

The actual completion occurs a little later,
when calaum salts are laid down in the deep
layers of the surrounding perichondrium The
pertchondrium then becomes the periosteum on
the bone There are cells 1n the mnner layers of
the pertosteum, called osteoclasts, which make
an avenue to the intertor, together with blood
vessels where 1t destroys the calcified cartilage
and thus increases the area of space within the
calctfied cartilage

The other type of cells that accompany the
blood vessels 1n their journey to the interior are
called osteoblasts, their function 1s to form
bone around the spaces, where the osteoclasts
destroyed the original calcified cartilage

This process of building and destroying con-
tinues from infancy through childhood and
adolescence until the bone reaches matunty

Long bone develops its body or shaft from
a primary center, and 1t 1s, therefore, called the
diaphysis  The ends of long bones are called
epiphyses because these areas develop from sec-
ondary centers of ossification

As the process of converting cartilage into
bone continues constantly, there must be some
protection at the “growing ends” This 15 ac-
complished by having the epiphyseal cartilage
take on a roughened plate appearance, and the
oppostng surfaces are not flat, but rregular and
fit into each other 1n a fairly defintte pattern,
simtlar to a jount

SUPERNUMERARY FOOT BONES

We usually assume that the tarsus 1s made up
of seven bones This 1s not completely true
There are really another thirteen bones, but
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since they are neither constant nor large, they
are 1ignored The anatomust calls them super-
numerary bones

Bauhin m 1605 first described the os tibiale
externum Later, the same anomaly, as well as
many other inconstant bones, has been described
by Vesalws, Pfitzner, and Dwight Now we
believe that they can be accounted for by the
formation of cartilage centers i the foot of the
human fetus which later ossify When they
do not join the more constant bones during
growth and development they remamn as in-
constant supernumerary bones

Description of Supernumerary Bones

1 Os Trigonum It can be found either at-
tached or separated from the talus (Fig-
ure 8 ) As to size, the trigonum averages
20 mm transversely and 12 mm vertically

TABLE C

€]

In a lateral roentgen projection of the
ankle 1t can be located at the posterior
edge of the talus bordering on the superior
surface of the calcaneus

Secondary Talus This ossicle, oval and
small, 1s located above and behind the
head of the talus Bierman was the first
to describe this bonelet It 1s undoubtedly
very rare (Figure 8 )

Os Sustentaculum At the upper posterior
end of the sustentaculum talt 1s 2 small
wedge-shaped ossicle  To date, it has not
been demonstrated by roentgenography.
Its location 1s such as to make it difficult
to wvisualize m the standard antero-
postertor position (Figure 9 )

Secondary Calcanens This bone 1s rarely
found It 1s located at the upper edge of
the antersor part of the calcaneus It can

SUPERNUMERARY BONES

1 Talus

2 Calcaneus

3  Navicular

4 Cuboid
5 Cuneiform (internal)
6 Cuneiform (mddle)

7 Cuneiform (external)

Normal bones

Supernumerary

Os Trnigonum
Secondary Talus

Os Sustentaculum
Secondary Calcaneus

Os Tibiale Externum
Supranavicufar

Secondary Cuboid
Bipartite I'irst Cunetform
Os Intercuneiforme

Os Una

Os Intermetatsarscum
Os Vesalius

Os Pcroncum
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be visualized 1n a lateral view of the roent-
genogfam (Figure 8 )

Tibtale Externum Origmally was de-
scribed as a sesamoid bone developed 1n
the postertor tibial tendon The base of
the bone borders on the tuberosity of the
navicular It 1s usually easily identified 1n
the dorsoplantar roentgenographic projec-
tion (Figures 8,8A)

Supranavicular  This bone 1s seldom
found, but when 1t 1s, 1t can be located on
the superior, postenorfborder of the navi-
cular and articulates with navicular and
talus It can best be seen in the lateral
projection

Secondary Cuboid This ossicle 1s rarely
found alone When seen, 1t 1s usually
fused to the navicular or cuboid, most
frequently attached to the lower portion
of the navicular (Figure 9)

Bipartite First Cunetform One of the rare
ossicles found n the foot Its line of di-
vision 15 very smooth Distally the cleav-
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age line 15 equally divided between upper
and lower parts, but proximally it appears
equally divided. into a large plantar and
a smaller dorsal part (Figure 8)

9 Os Intescunetforme Dwight 1s the only
observer to describe this supernumerary
bone of the foot It 1s situated 1n the
dorsal area at the proximal border of the
mternal and middle cuneiforms (Figure
8) )

10 Os Unc: An extremely rare ossicle found
on the plantar surface of the third or ex-
ternal cunetform (Figure 9 )

11 Os Intesmetatar seum This ossicle 1s fairly
common It 1s reported to be found m
10 per cent of all feet The common
locations are at the bases of the second,
third and fourth metatarsals (Figure 8 )

12 Os Vesalius Its occurrence is very rare
since 1n a study of 1600 cases 1t was found
only once Its posttion 1s at the angle of
the cuboid and the base of the fifth meta-
tarsal (Figure 9)

15 Os Pesonenm This ossicle 1s located at
the inferior lateral border of the cuboid
It may be found to be divided mto two
parts, and may easily be 1dentified by hav-
ing the lateral side of the foot touching
the film (Figures 8, 9 ) It 1s sometimes

formed in the tendon of the peroneus
longus muscle

CONGENITAL DEFORMITIES OF
BONES OF THE FEET

The exact cause of congenrtal abnormalities
in the maturation of the skeleton 1n which bones
of the tarsus, metatarsus or phalanges fail to
form or are malformed, 1s not too clear A
complete farlure of sheletal development 1s

called agenesis or aplasta A partial skeletal
defect 15 termed hypoplasia

Macrodactyly (Figure 10)

This 15 a condition 1 which one or more of
the toes (or fingers) 1s abnormally large The
digtts are normal 1n every respect except 1n size
They are enormous 1n comparison with the
other toes An associated soft tissue enlarge-
ment always accompantes the bony deformity

Polydactylism (Figures 11-1G)

As many as one to five supernumerary digits
may have developed on both feet and frequently
there 1s an 1dentical deformuty in the hands The

OS TIBIALE
EXTERNUM

0OS SUSTENTACULI

.-os PERONEUM
CUBOIDUM SEC.

PLANTAR VIEW

FIGURE 9

additional toes are often smaller than normal
and usually will be distinct from the normal
digits The five metatarsals at times, too, show
vartations  Occasionally one or two fully-
developed metatarsals and the corresponding
phalangeal segments also are found Often-
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ttmes a mother or a father of a child with a
dactyl defect exhibits the same anomaly

Wright reported an unusual type of foot
demonstrating polydactylia to a marked degree
To fit a shoe to such a foot was almost 1mpos-
sible because of the extreme width of the 1n-
volved member Surgical removal of the extra
digits was performed The schematic roentgen-
ogram (Figure 11) was a great aid 1n giving the
surgeon a better knowledge of anatomical struc-
tures mvolved, as well as i predetermining the
extent of surgery necessary Note that the bifur-
cated metatarsal accommodates two complete
prostmal phalanges Figure 12 reveals the re-
sults following surgery in this instance

Congenital Agenesis of Metatarsal Bones

The picture usually seen in congenital failure
of sheletal development 1s a total absence of a
toe or, even more common, partlal development
of additional metatarsal or phalangeal bones

Fieurr 11 Polydactyhsm Note hypertrophy of fifth meta-
tarsal and the pecultar horned formation of ats head  Each
projectson offers an articulating facet for a corresponding

digat (Courtesy C 11 Wright)

FIGURE 10 Macrodactyly (Gigantism) of third metatarsal
and 1ts corresponding toe The second toe was amputated 1n
an attempt to accommodate the great size of the third meta
tarsal and third toe (Courtesy E Elstrom, R T)

TiGURE 11A Polydactylism, schematic drawing Note bifur-

cated fifth metatarsal head providing articulation with two

proximal phalanges Roentgenogram greatly mded 1o giving

know ledge of structure and determining surgical procedute
Compare w1th Figure 13
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Case Histosy The patient, a one-year-old
gurl, was referred by the chid’s physician  Ac-
cording to mother, right foot was “clubbed”
from birth, also present was the large toe on
the right foot 1 a position at right angles to
the foot Roentgenogams (Figure 17) revealed
a normal left foot The nght foot was in an
exaggerated varus attitude The most medial
metatarsal was malformed resembling a “ro-
tated” navicular bone A wider than normal
space was evident between the first two digits
The hallux was 1n exaggerated varus  The bones
that failed to develop were the first and second
metatarsals and the three phalanges of the sec-
ond toe

Case History The patient, a girl 214 years
old, was referred by the child’s physician
Mother related that child was born with a de-
formuty of the right foot Examination revealed

X
Il

FIGURE 12  After surgery

@ marked distortion of the right foot 1n which
there was an agenests of the first toe, also of
several metatarsals The foot was a mild talipes
varus and 1t appeared as 1f only half of the foot
had formed Nerther parent had any deformity
n the hands or feet It should be mentioned
that fadure in skeletal development seems to
have a familal background Exammation re-

; :}
FiGURE 13 Polydactylism 7The fifth and sinth toes articu-
late with the fifth metatarsal (Courtesy Dr W DPochner)

vealed no other bony or muscular alterations
except a webbing of the third and fourth toes
of the left foot Roentgenogram (Figure 18)
of right foot revealed complete absence of the
first toe, second, third, fourth and fifth metatar-
sals, the first, second and third cuneiforms, and
the navicular Actually, ten bones presented
definite agenests Figures 18A, 18B are later
films of Figure 18 Note that a possible jotnt
may have been developing at calcaneocuboid
junction. It 1s now one mass of bone

Syndactylism

Syndactylism, or webbed toes, 1s a condition
in which two or more toes are united laterally,
usually by a fleshy union It 1s due to faulty

longitudinal segmenting of the phalangeal
anlage

Congenital Pseudarthrosis

This 1s a rare condition found m children oc-
curting at junction of the middle and distal
thirds of the shaft of the tibia  The leg 1s short-
ened and the tibia bows forward Some authors-
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FIGURE 14 Polydactylism Patient Male, Age 24 years,
Weight 150 pounds (68 5 kg ), Hustory Negatve Patient
presents no subjectine symptoms Routine films were sug-
gested 1n view of an extra digit Roewtgenograph Antero
postertor view reveals a congenital abnormality in the form of
a complete digital segment producing an articulation with
the cubotd Interpretation The patient presents a most unus-
ual umilateral condition 1n that he has a completely formed
sixth metatarsaf with three perfectly formed phalanges

ties believe 1t to be a special type of ntra-uterine
fracture which fails to heal The bone itself 1s
not of normal texture Wade believes it may
be related to an osteitss fibrosa Since such bony.
architecture will not take normal stress it 1s
believed by some that there must be a type of
cystic bone lesion

Roentgen Picture
1 Break in continuity of bone
2, Cystic formation which precedes fracture
3 Malahgnment of fragments
There are numerous bizarre congenital defects
which are farrly common 1n hands and feet

Iatra digits, loss of digits and agenesis of tarsal
bones can cause foot disabilities at all ages

r

Figures 17~-25 show some of the more common
congenital anomalies

Less bizarre, but none the less disabling or inefhi-
cient, may be included such congenital anomalies as
the short first metatarsal and the fusion of certan
tarsal joints ‘The former 1s often seen mn ante-
rior metatarsal traumatisms 1nflicted by abnormal lev-
erage with characteristic osseous and soft tissue reac-
tion, and the latter 1n so-called peroneal spastic flat-
foot See Chapter IX

ALTERATIONS OF GROWING BONE

The three imherent physical properties of
bone are lightness, strength, and resiliency It
1s thus adequately equipped to serve as the sup-
porting framework of the body as the means of
locomotion However, do not confuse bone as
‘being an inactive tissue or structure, but rather
as an actrve living tissue constantly being occu-
pied with metabolism, both destructive and re-
parative Changes or alterations of the bones
take place 1n proportion to the functional de-
mands of the body as a whole This broad ob-
servatton first brought out by Julius Wolff i
1868, 15 today called Wolff's law “Changes 1n
form and function of a bone, or 1 its function
alone, are accompanied by defintte changes in
thetr internal architecture and equally definite
changes 1n their external conformation propor-
tronal to mathematical laws”

When an osseous regenerattve process 1S
greater than that of resorption due to the -
creased demands of function, an alteration Oc-
curs known as bony hypertrophy Those who
have worhed for many years, as laborers, steve-
dores, as well as tramned athletes, have thick
heavy bones, while those who lead a sedentary
life have bones that are thin and hight Bony
atrophy, the opposite of hypertrophy, will de-
velop when there 1s a greater catabolism or
breaking down process than there 1s of anab-
olism or regeneration
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w supernumerary digit adjacent to the fifth digit There are

FiGuRE 15 Polydactylism Palmar down views of both hands sho
ear to be symmetrical 1n both hands Neither has a

three ossification centers within this additional structure The changes app
metacarpal

¢ left foot This con

mumeriry toes adjacent to the fifth digat of th
pears normal. (Courtesy Dr 8. A Dfrreus)

FiGURE 15 Plantar down views of both feet show supe
tuns two ossification centers and has no metatarsal  The nght foot ap
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Acute Bony Atrophy

Following Wolff's law, acute bony atrophy
may be caused by disuse, or through diseases
of bones, jomnts, and tendons At times, even
after healing of the original lesion, atrophy may
persist A thinning of the cortical bone, to-
gether with a narrowing of the shaft and an
abnormal rarefaction due to enlarged canals,
called osteoporosis, 1s the common effect or
result 1 bone atrophy 'These departures are
evidence of a slight change 1n the amount of
bony substance and not 1n the chemscal compo-
sitton  Likewise, too, regenerative time and
power after fracture are not changed We must
be on the alert for bony atrophy, especially 1n
mfants, children, and adolescents, nasmuch as
bones that lose their density early have a slow
growth and may never approach the normal
adult size

Roentgenographically, atrophy of bone 1s
made evident by a loss of density and a thn-
ning of both the cortex and the trabeculae Ac-

cepting the fact that bone is a live, constantly
altering tissue, 1t 1s not difficult to see how bone
tissue can succumb to metabolic disturbances

Basically, there are four factors that affect
the bony skeleton (1) nutritional, (2) endo-
crine, (3) a group of unknown causes, 1dio-
pathic, (4) disuse Included in the nutritional
group are the conditions of rickets and scurvy
In group 2, of endocrine etiology, cretinism and
acromegaly are the best examples Among those
of unknown origin are osteitss deformans or
Paget’s disease, and osteogenesis imperfecta In
group 4 immobilization following fractures
still remamns a problem in producing sheletal
changes

Focal Sclerosts in Spongy Bone

Small to medium large, round, opaque shad-
ows occur usually in the larger bones of the
tarsus Formed by local excess of cancellous
bone, these areas are usually assoctated with
negative history for trauma or disease

FIGLRE 16  Polydactylism Anteropostcrior and Iateral views show an unusual soft tissue shadow apparently representing
what one would ordmanly consider to be a digit It 15 a toe-hike projection upward at the prossmal end of the metatarsal
Tlus projection presents two degrces of density but there 1s no visible eaidence of osstication Besides this there are five tocs
The medint one of these has a fourth metatarsal and the toc 1s relatively smaller than the other toes 1t bas only two phalanges

and 1n this way resembles the great toe  Other tocs appear normal

(Courtesy Dr § M Marcus)
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General Bone Decalcification

A general decalcification may ensue as a result
of low calctum content in cortical and spongy
bone

The bony atrophy which 1s a sequel to ar-
thritss, fractures, poliomyelitss, 1s well known

Caffey points out the pressure atrophy of cor-
tex and spongy bone 1n “Cooley’s anemia” fol-
lowing the enlargement of hyperplastic bone
marrow

Roentgen Evidence of Bone Atrophy

1 Thinning of cortical bone

2 Narrowing of shaft

3 Atrophy of trabecular pattern m spongy
bone
Thick epiphyseal plates

5 Abnormal rarefaction (osteoporosts) due
to enlarged canals

General Bone Hypertrophy

A general hypertrophy of bone or increased
calctfication s usually due to a cortical hyper-
plasia  The affections that most frequently
cause a thickening of the cortex are

1 Abnormal stresses (as seen in metatarsals

of foot)
2 Rickets
3 Scurvy

4 Syphilitic osteitis

Osteoporosts 1n Foot Bones

) Frequently one hears the generalized term
atrophy of bone” to describe a rarefying action
within a bone
A portion of bone, an entire bone, or a group
?f bones, for example, the navicular, may lose
its density after infection, trauma or prolonged
Immobilization  The rarefaction may be either
acute, developing several days after trauma, or
what 1s more frequently found, the rarefaction
Otcurring some weeks to two months following
the Preapxtatmg cause

FicUrg 17 Congenital Malsegmeatation with hillun at

nght angles to the foot Patient Temalc, Age 1 year
Weght 31 pounds (141 kg ), History; Mother gave his
tory of child being born with a * clubbed ' right foot as well as
the laige toe on the right foot 1n a position pracucally at night
angles to the foot No treatment to date has cver buwn n-
stituted The shoe on the nght foot has an aperture cut
through the leather 1n order to accommodate the great toc
which Jookcd grotesque, as it protruded from the <hoc
Roenitgenography Anteroposterior projections resvealed 1 nor
mal left foot The right foot was 1n an cviggerated varus
atutude The most medial metatarsal was deformed—nlmost
resembling a naviculir bone A much wader space than nor

mal caisted hetwecn the fisst two digits  The great toe was
n an over C\:lggcmttd varus posttion Irterpressseon Conean-
ital malseementation of right foot with an aceacsis of threc
phalanges of the second toe, and first and second metatrsale

The greut toe presents an extreme hatlux varus position,
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Two forms of osteoporosxs are found One
1s the discrete or “spotted” type This is the
atrophy of Sudeck who describes the picture
as having a washed-out, spotty appearance It
1s a post-traumatic affair Here the areas of
rarefaction are found to range from a millw-
meter to a centimeter in diameter The bone
between the rarefied portions seems to be of
normal consistency for a time, but later, this
netghboring normal bone also becomes mvolved,
producing a second “diffuse” form, most often
found 1n the feet following weeks of immo-
bilization True osteoporosts should reveal

FIGURE 18 Congenital agenests of metatarsal bones of right foot Left foot (anteroposterior vi

1 Loss of motor function ,
2 Rarefaction 1n involved areas
3 Vasomotor changes (Leriche)
4 Marked pain -
Rarely 1s only one bone involved but, rather
a group of bones It 1s believed that the under-
lymng factor in these osteoporotic changes is
vascular 1n origin ;
An osteoporosis due to hyperparathyroidism,
or von Recklmghausen’s disease, 1s one which
causes calcrum 'to be transferred from the bone
to the blood stream It 1s marked by pamn and
tenderness 1n the bone, often resulting n spon-

ew) 15 normal
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FiGURE 18A Later films of Figure 18 (Tahen one year later)

taneous fractures It 1s for this reason that an
Increase in blood calcrum 1s suggestive of von
Rechlinghausen’s disease. The laying down of
calcrum 1n soft tissues and arteries should be 1n-
vestigated as a step in diagnosts by exclusion

whenever hyperparathyrotdism would seem to
be the underlying cause

Osteogenests Imperfecta (Figures 26,27, 27A)

(Fragiirtas Osstunm—Perrosteal Dysplasia)
Osteogenesis imperfecta 1s a disease of the
bony skeleton, characterized by marked diminu-
;:i:eszcalamn salts with cortical atrophy, fol-
} multiple fractures However, no ap-
Preaiable change 1n size of the bones occurs

-

Etrology The exact cause of abnormal fragil-
ity of bones 1s unknown Several theortes have
been advanced giving such etiological factors
as endocrine disturbance and abnormal osteo-
blastic development

Symptoms and Pathology In the congenital
group are placed those cases 1n which multiple
fractures occur at birth The prognosis for
future existence of an mfant so afflicted 1s not
very bright The child 1s thin and its muscular
development poor (In counterdsstinction this
1s not the case 1n achondroplasia, in which the
eptphyseal cartilages are involved and the dia-
physes quite dense and the subperiosteal bone
formation apparently normal ) In osteogenesis
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imperfecta, however, the subperiosteal bone  roentgenographically that callus 1s forming
formation 1s defective, with little or no involve- In mulder cases osseous structures may not
ment of the epiphyses There 1s also evidence  reach the fracture level until late childhood, and

Figure 18B  Later films of Figure 18 (Note that new ossific centers have formed)



DEVELOPMENT OF THE FOOT 35

x.lr“ - 4 N
. 2
-~ ~3

&

—
24

1]
%
-

A
*

R

i

o, en
(v‘:‘:\‘ T

»

FIGURE 19 Congemtal anomaly of foot with malformation of entire first metatarsophalangeal segment

chances for survival are better The disease may
occur 1n the fetus, infant, child or adult A
symptom nvolving the eye, usually associated
with osteogenests imperfecta, 1s a persistent blue
sclera  Other symptoms may include deafness
and hypermobile joints, the parts may be bent
in any direction without eliciting bone crepitus

Characteristic Roentgenographic Findings-

1 Fundamental defect 1n cortex and spongy
bone

2 Marked constriction of bones, with nar-
row shafts, and wide ends

3 TFractures may be absent, single or mul-
tiple

4 When fractures are not present condition
stmulates bone atrophy

Prognosic and Ticatment Even though we

are confronted by an apparent defect within
the building stones of bone, healing after frac-
ture has been known to follow a normal pattern
After puberty the condition has abated. Pre-
ventive measures should be undertaken to keep
possibility of trauma at a mmmum  Light, heat
and high calaum and phosphorous dict are
essential

Changes 1n Growth and Development

The severe form of retarded growth 1s gen-
erally termed dwarfism On the other hand, an
abnormally increased development 1s called gi-
gantism (Figure 10 ) Dwarfism 1s much more
common than gigantism

Maresh has determined the length of normal
long bones m healthy children from one to
twelve years of age
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TABLE D *
NORMAL SHAFT LENGTHS IN CENTIMETERS

Age 1 2 3 4 5 6 7 8 9 10 11 12

Femur 135 171 198 224 248 271 293 315 334 352 368 383

Tibia 109 140 163 184 203 221 239 258 275 292 309 326

Fibula 105 136 162 182 201 219 237 254 271 287 302 318

Causes of General Undergrowth (Dwatfism)
1 Infections and anemuias
2 Endocrine diseases
3 Ruckets (severe)

Causes of General Overgrowth (Gigantism) -
1 Alterations of endocrine output
2 May be one of several glands—usually pituitary, adrenal cortex or gonads

Causes of Local Undergrowth
I Interference of growth of the epiphyseal cartilage
2 Infections and mjuries are the most frequent offenders in hampering
growth and development of cartilage

Causes of Local Overgrowth
1 Hemophilia
2 Fractures undergoing a healing process
3 Arthntis (chronic)
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FicURE 20 Agenesis of lateral sesamords (axial view) (Courtesy Dr TI Krlikisn)
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FiGure 22 Congenital deformity of first metatirsal demon
strating an unusually short first metatarsal with 1dduction of
phafanges The medullany portion of the sccond metatar<al
on right foot reveals atrophy (Courtey Dr & &ehin slerg)

LEFT

TiGURF 21 Congenital agenesis of tateral sesamord
(Dorsoplantar view) (Courtess Dr JI Kehlon)
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LATERAL

FIGURE 24 Congenital abnormality of calcaneus Patent
Male, Age 24 years, Weight 160 pounds (726 kg),
History Patent gives a history of pan i left heel for the
past two years The paimn 15 increased when he s forced to

walk long distances Roensgemography Lateral and axtal
views of the left heel are negative for spur formation on the
plantar border of calcaneus The posterior aspect of the os
calas at the Achilles tendon attachment 1s, however, abnor
mally irregular  ‘The soft tissue 1s slightly edematous over
this bony prominence Interpretatton An dbnormalify of the
left calcaneus at the Achilles tendon insertion possibly on a
developmental basis or trauma 1n early childhood

FIGURE 23 Congemtal agenesis of foot bones Patient
Male, Age 41 years, weight 152 pounds (689 kg ), Hus-
tory Patient gives hstory of having been born with a con-

gemtal defect mn the right foot Wassermann negative
Roentgenography Rocntgenogram reveals an absence of two
complete metatarsals and therr corresponding phalangeal seg
ments It appears that the outer two tocs have not developed
a middle phalans  Eleven foot bones did not develop

Normal Pattent
Tarsus 7 6
Metatarsus 5 3
Palanges 14 6
26 15

Tnserpretition Congemtal agenests of eleven bones of the
foot.
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FIGURE 25 Synosteosis of fourth and fifth metatarsals Two views show what appears to be a perfect synosteosis of the

fourth and fifth metatarsal bone, or a development of the solitary metatarsal for the fourth and fifth digits The transverse

diameter of this bone 1s approximately twice the size of the normal or equal to the transverse diameter of the fourth and

fifth The ends of the bone are smooth and appear to be well formed The fifth digit projects laterally and apparently articu-

lates with a slightly inclined surface on the metatarsal It also has an inclined surface at the proximal phalana  No other
anomalies are discernible 1n this region

(Courtesy Dr & M Mareus)
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(Courtesy, Dr WY Pashner)

FiGURE 26 Osteogenesis imperfecta
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~ FIGURE 27A  Osteogenesis 1mperfecta
Patient A small, frall white girl, 7
vears of age, sustained forty fractures
since birth Her legs were severely de
formed, poorly developed muscles made
walling impossible There was a nega-
tive history for fragile bones on both the
mother s and the fathers side The ap-
pearance of the child at seven 1s shown
in A At the age of one year an antero-
postenior film of lower extremities (B)
revealed decalafication 1n bones, bow-
g of lower extremuties and healing of
fast fracture of right femur
Courtesy Dr Teo B Rasmussen Viekshurg

fichugan AMedwcal Radwgraphy & Photogra-
rhy Vol 20 No 2, 19,0)

FIGURE 27B
]

5
»

Fioure 27 (A and B) Ostcogenesis imperfecta  Hutory A white female ¢hild was obsened and treated for 12

(betwecn ges of 4 and 16)  In this peniod she sustained ten fractures of the lower feft extrermty all followsog acgh
trauma Throughout the period of obsenuation the child was stout and had weak feet Her sclerac were blue Her f
had the same afflicion  He had had ten fractures and also had blue sclerac  In her tenth year the left tiba and fibula
fractured five centimeters above the ankle joint  Rodntgenography Anteroposterior and lateral views resealed complete
tures of the distal portions of the tthia and fibula with overnding of the fragments  There was a 30 degree posterior an
tion of the affected bones (Corirtry Medieal Radwaraphy & Photopraphv, Vol 2 No 2 188 Peenue on of Dr  hateat

+
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. the natmie of lwing processes must ex-
plam the vicissitudes of life that are seen darly

by the su geon
GEORGE CRILE.
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. the office of medicine 15 but to tune the

curtous harp of man's body.
BACON



Chapter Three

ANATOMY AND POSITIONING OF THE FOOT
FOR ROENTGENOGRAPHY

A working knowledge of the architecture and
mechanism of a normal foot must necessarily
be prerequisite to a more imtelligent understand-
ing and recognition of alterations or deviations
from the normal Of chief concern here 1s not
detailed descriptive anatomy but rather the high
lights on surface anatomy and landmarks of the
foot, to give technicians, those most responsible
for good roentgenograms, a more advantageous
approach to the foot as a functioning unit

Anatomy of the Foot for Technicians

The lower or termnal portion of the leg in

FIGURE 28

METATARSALS

PHALANGES

BONES OF THE FOOT -

CUNEIFORM

vertebrate animals 1s the foot Divided into the
tarsus, metatarsus and phalangeal segments, the
foot 1n man 1s the “pes” or part of the leg below
the ankle joint, or tibiotarsal articulation The
foot as used mn support and transportation of
body weight implies movement standing, walk-
ing or running Providing lever action, 1t also
serves as a base for sustamning the superstructure
with 1ts shifting center of gravity

The ankle 1s classified as a ginglymus or
hinge joint, admitting of motion 1n one plane,
as the elbow joimnt The tarsal jomnts resemble
the carpals in the wrist They are arthrodal or

TARSALS TALUS

CALCANEUS

NAVICULAR

MEDIAL ASPECT
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ghding articulations The word “tarsus’ 1s de-
nived from the Greek word “tarsos” meaning
a wicker work or closely knit frame

On the whole, the bones of the lower extremi-
tres correspond roughly to those of the upper
extremittes The structural pattern of the foot
1s essentially the same as that of the hand, the
seven small bones comprising the tarsus bear
resemblance to the eight carpals of the hand
Corresponding to the metacarpals again are the
five metatarsals which adjomn distally the pha-
langes of the toes, as the metacarpals adjoin
those of the fingers

The nght-angular arrangement of the foot
with the leg serves a twofold purpose The
erect posture of man requures 1t, 1t furnishes an
efficient hinge mechanism permitting support,
locomotion and grace of movement Every bone
in the foot 1s shaped and intended for that
purpose, and the action of all muscles and liga-
ments work 1n harmony toward that end Since
the axis of the human foot 1s about at right
angles to the axis of the leg, 1t 1s mechanically
a plantigrade foot

The wnner longitudinal arch of the foot 1s
supported by the calcaneonavicular ligament or
“spring ligament,” which connects the small
anterior process of the calcaneus, the susten-
taculum tali, with the navicular The susten-
taculum taly, serving as a ledge, literally sustains
the talus When the ligament elongates beyond
point of tensile strength required for support,
the bony units sag and an impairment becomes
manifest, commonly referred to as weak foot
The tarsal bones are connected by dorsal, plantar
and interosseous ligaments

The arch of the foot, as externally seen, 1s
represented by the hollow on the inner part of
the sole from heel to ball

The ball of the foot is the padded portion of
the sole at the anterior extremity of the meta-

tarsus, upon which the welgﬁt rests when the
keel 15 raised

Surface Anatomy

The bony skeleton of the normal foot 1s sup-
ported by ligaments and moved by muscles
This structure derives its nutrition from the
vascular and lymphatic channels Connective
tissue, fat, nails and skin act as a protection or
wnsulation against the outer elements

The skeletal framework 1s made up of twenty-
six bones excluding the sesamords and super-
numerary bones The calcaneus s the postertor
pillar of the foot The anterior pillar 1s made
up of the metatarsals Body weight s trans-
mutted to the talus which 1s above the calcaneus,
and thence carried onward from the antertor end
of the talus (its head) to the navicular

The navicular articulates with the three cuner-
form bones and these in turn articulate with
the three inner metatarsals Then, too, the navi-
cular on its lateral-postertor border 1s adjacent
to the cubord bone which articulates posteriorly
with the calcaneus and anteriorly with the fourth
and fifth metatarsal bases The foot as a unit
resembles an arc (Figure 28 )

Hauser, Hiss and others are of the opinion
that on normal weight bearing the so-called
metatarsal or transverse “arch” 1s non-existent

The bony units of the digits consist of 14 pha-
langes, three 1n each toe except the first, which
has two

The nner longstudinal arch 1s formed by the
calcaneus, talus, navicular, first cuneiform and
first, second and third metatarsals The outer
longitudinal arch compuses the calcaneus, cu-
boid, and fourth and fifth metatarsals

The shaft of the first metatarsal, since 1t must
withstand the stramns and stresses put upon i,
1s normally heavier than that of the four lesser
metatarsals )

The foot, for topographical convenience, IS
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divided nto the tarsus, metatarsus and the pha-
langes The bones of the tarsus are seven n
number talus, calcaneus, cuboid, navicular and
three cunetforms, and articulate antertorly with
the bases of the five metatarsals

The talus 1s a wedge-shaped bone set between
the distal ends of the tibia and fibula and the
three bones comprise the ankle joint Inferiorly
the body of the talus rests upon the calcaneus
forming the subastragalar joint The head of
the talus 1s globular in shape and articulates with
the posterior portion of the navicular

The calcaneus 1s of paramount importance 1n
the framework of the foot The largest and most
important bone n the foot, 1t 1s long and nar-
row and forms the heel The talus rests upon
the calcaneus and 1t 1n turn articulates antertorly
with the cuboid The average heel 1s three inches
long and one and a half inches thick It has
six surfaces The ends are 1ts antertor and pos-
terior surfaces The postertor surface 1s rough
for the insertion of the Achilles tendon The
superior surface in 1ts middle has a large facet
for articulation with the body of the talus At
the postersor portion of the bone the infersor
surface presents a tuberosity which 1s divided
into two tubercules, medial and lateral The
medral 15 the larger It 1s from the medial sur-
face of the calcaneus that the shelf of bone
Projects and 1s called the sustentaculum tali
because part of the talus rests upon 1t as on a
shelf

The superior surface presents two facets one
posterior, articulating with the 1nferior surface
of the body of the talus and one anterior on the
Sustentaculum taly, articulating with the inferior
surface of the head of the talus

chardmg fractures of the calcaneus, 1t should
be borne 1n mind to gve a guarded prognosis
A5 to time of osseous union A calcaneal fracture
15 one of the slowest to heal, because it 1s a
Spongy, cancellous type of bone without a mar-

row cavity The medullary canal of hollow
bones 15 a rich source of blood supply that pro-
motes early callus production

The cuboid 1s a smaller, square-shaped bone
articulating with the calcaneus postertorly and
with the bases of the fourth and fifth metatarsals
anteriorly, medially 1t 1s adjacent to the external
or third cuneiform and navicular

The navicular 1s a disk-like bone, concave be-
hind and convex mn front Posteriorly it articu-
lates with the talus, anteriorly with the three
cunetforms and laterally with the cubord

The three cuneiform bones (internal, middle
and external) articulate postertorly with the
navicular and antertorly with the first, second
and third metatarsal bases

Metatarsals and Phalanges

The word "metatarsus” 1s of Greek deriva-
tion, meaning beyond the tarsus The largest
and strongest of the metatarsals 1s the first,
while the four lesser ones approximate one an-
other in size Metatarsals one, two and three
articulate behind with the three cuneiforms,
metatarsals four and five articulate behind with
the cubord  (Figure 29 )

The word “phalanges” 1s the plural form of
“phalanx,” meaning a line of soldiers, which
in a sense the rows of digital bones resemble,
The phalanges are named according to their
position the proximal, muddle and distal in the
four lesser toes, the great toe has only the proxi-
mal and distal or terminal phalanx, sometimes
called the ungual since 1t 1s 1n close proximity
to the nail

Landmarks

The distal end of the lateral or external mal-
leolus 1s located 14 inch ( 64 cm ) lower and
34 inch (19 cm ) farther back than the medial
or internal malleolus It 1s just above the inner
border of the arch, its postertor edge forms 2
side for the groove of the posterior tibialis ten-
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TALUS

METATARSALS

CALCANEUS

ARSALS
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NAVICULAR
CUNEIFORMS

/

PHALANGES

FIGURE 29  Bones of the Foot—Lateral Aspect

don Just above the lateral malleolus 1s the
subcutaneous surface of the fibula (Figure 30 )

The line of the ankle joint can be felt as the
foot 1s extended and the anterior portion of the
proxmmal articular surface of talus forms a
prommence that can be readily distingushed

The postertor surface of the talus 1s smaller
and can be felt behind the medial malleolus at
the forward portion of the depression between
the calcaneus and the medial malleolus (Fig-
ure 31)

Immediately distal to the tip of the medial
malleolus may be felt the sustentaculum tals

The site of the tuberosity of the navicular 1s
114 inches (32 cm ) antertor to the susten-
taculumn talr and halfway between the dorsal
and plantar margms of the mner side of the
foot The talocalcaneal jomnt lies immediately
above the sustentaculum tals

One and a half inches (38 cm ) antertor to
the tuberosity of the navicular 1s the first meta-

tarsocunetform joint  The first metatarsopha-
langeal jomt 1s situated just anterior to the
center of the ball of the great toe Just below
the tip of the lateral malleolus, the trochlear
process of the calcaneus may be defined

The calcaneocubotd joint 1s found anterior
and midway between the tip of the lateral mal-
leolus and the base of the fifth metatarsal The
tuberosity of hfth metatarsal presents a prom-
nent and well-defined Jandmark

The metatarsophalangeal jomnts are located
one inch (25 cm ) postersor to the web of the
toes

The dorsalis pedis artery can be found by
drawing a line from a point opposite the ankle
jotnt, halfway betw een the tips of the two mal-
leolt to the space between the first and second
metatarsal bases

Sesamoid Bones
Sesamoid bones are formed in tendons
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FIBULA

LATERAL
MALLEOLUS

Se e m e v

GREATER TUBERCLE OF CALCANEUS

SECOND METATARSO-
PHALANGEAL JOINT

FIFTH METATARSO- / Z ZTROCHL.EAR PROCESS
PHALANGEAL JOINT BASE OF FIFTH METATARSAL

LATERAL ASPECT OF FOOT AND ANKLE

FIGURE 30

MEDIAL MALLEOLUS
LINE OF ANKLE JOINT:

HEAD OF TALUS
TARSO- METATARSAL ARTICULATION

FIRST METATARSO-PHALANGEAL ... \
ARTICULATION '

>
—/

TUBEROSITY OF NAVICULAR SUSTENTACULUM
TALI

MEDIAL ASPECT OF FOOT AND ANKLE

Figurt 31
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such a way as to be invested throughout thetr
whole surface by the fibrous tissue of the ten-
don except where they present a slippery facet
to the part over which they glide They are car-
tilaginous m early life but later become osseous
The largest sesamord bone 1s the patella of the
knee The two small sesamoid bones found 1n
the foot are located 1 the flexor hallucis brevis
tendon, just posterior to the head of the first
metatarsal Their function 1s to add firmness

- and protection to the parts below the first meta-

tarsophalangeal jomnt These small osseous
members must be distinguished from supernu-
merary bones, which occur inconstantly in vari-

ous parts of the foot and toes The two sesamod -

bones of the flexor hallucis brevis tendon are
constant as to their presence but not always in
structure Each may be found divided into two
and at times three parts In rare mstances one
of these sesamords does not develop

POSITIONING OF THE FOOT FOR
ROENTGENOGRAPHY

To understand fully both the pathological
and mechanical alterations that may take place
1n the foot, one must be familiar with the several
procedures 1n making roentgen projections

There 1s considerable variation in appearance
of the bones of the foot dependmng upon
whether or not 1t 1s recambent or s bearing
weight In many instances therefore, 1t will
be necessary to take projections both on weight
bearing and non-weight bearing

The roentgenographic equipment and the
tube should be fully flexible The 30 Ma 90
kvp machmne has proved very satisfactory
practice We believe that 1a foot work the kvp
should not be an uncertain factor but deter-
mined after measuring the thickness of the foot
With such equipment, one may vary the kvp
in proportion to centimeter thichness Kip s
the abbrevsation for khilovolt peal

Projections

L Dorsoplantar (or Anteropostersor) In
this view the phalanges and metatarsals are visu-
alized However, the bases of the second, third
and fourth metatarsals are a bit vague because
of distortion

The patient may be seated on the table with
the plantar surface of the foot placed directly
against the tube side of the cardboard holder
The long axis of the leg 1s maintained by allow-
ing it to rest aganst the opposite knee A 15-
degree inclination of the tube 1s used with the
central ray directed to the center of the film to
the third metatarsal shaft (Figures 32, 33)

2 Oblique Dorsoplantar (Figures 34, 35)
In this view the phalanges are sharply defined
A distinctly clearer view of the third, fourth and
fifth metatarsal bases 1s visible than in the ortho-
dox dorsoplantar view The cuboid and the
other tarsal bones are also more clearly defined
visually

The pattent may sit on a table with the hnee
flexed sharply so that the sole of the foot 1s flat
on the film The knee s then moved toward the
oppostte leg until the foot 1s at about a 45-degree
angle to the film surface Now center the tube
in a position perpendicular to the film between
the toes and the ankle

An alternate method 1s to have the patient
stand on the film holder with the foot centered
over the film lengthwise The tube 1s at a 45-
degree angle and 1s centered to the cubord bone

3 Straght Lateral ‘The talus, calcaneus and
navicular are clearly discernible 1n the straight
lateral projection

The patient 1s 1n a position with the medial
surface of the foot resting on the cardboard
holder Towels placed under the hnce will
mamtam the vertical plane  The central ray
should traverse the center of the foot  (Figures
36, 57 )

4 Plantaroposterior or Axtal View of the
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Calcanens The patient 1s 1n a sitting posttion
for this projection, this 1s the most common pose
used 1n diagnosing fractures of the heel bone

The heel 1s centered on the cardboard holder
A wide bandage 1s placed around the ball of the
foot and the patient pulls it up until the plantar
surface of the foot 1s at right angles to the ex-
posure holder The central ray should bisect
the calcaneus at a 30-degree angle (Figures
38, 39)

FiGURE 32 Dorwphntir postion (non-waght beiring)

5 Anteropostesror through the Ankle In
this view the relationship of the distal ends of
the tibta and fibula to the talus are revealed
without the superimposition evidenced i the
orthodox anteropostertor view

The lateral malleolus extends downward
farther than the medial malleolus and 1s a little
postersor also In normal feet the roentgeno-
graph reveals equal distances between the tal-
otibial and both talomalleolar articulations

Bt mbn a ond

Sole of the foot <hould be fi
S ¢ an firm contact wath the oapoyre
holder Gret toe should be about two centimeters from the border of the film Central ray shovld be direc.ed 10 !

of the foot 2t 1 19 dewrec ancle  The toes should be strught, fiat and separated (preferably s nh antton)

Ihc dle\u”)
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The patient 1s seated on the table with the
heel and lower one third of the leg on the film
holder It 1s necessary to position the foot 1n
such a way that 1t 1s adducted or rotated med:-
ally to permut an imagmary line, projected be-
tween the malleols, to be parallel to the film
(Figures 40-42 )
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Ficurr 33 Roentgenographic result of Tigure 32
plantar position

6 Awal Posttion of Sesamoids and Meta-
tarsal Heads Tlus posttion yields a desirable
view of the metatarsal heads as well as the two
sesamotd bones under the first metatarsal head
To eliat evidence of inflammation or other
pathological changes suggestive of sesamoid 1n-
volvement, this 1s an mmportant position For
proper angulation 1n relation to the tube, the
foot 1s dorsiflexed at the ball The central ray
1s projected to the metatarsophalangeal jomnt
but 1t avouds the superimposed heel (Figures
43,44)

7 Plantar Medial Positton: This projection
constitutes an excellent method of studying the .
medial sesamord bone 1t 1s especially valuable
in distinguishing fractures of the medial sesa-
motd from the congenital bipartite sesamord
The patient 1s so posed that the medial surface
of the dorsum of the foot approximates with
film holder The central ray 1s directed at 90
degrees to the center of film and foot (Figures
45, 46)

Roentgenography of Ankle

Too frequently 1n the routine examination of
a joint, when clear bony shadows are produced
on the roentgen-ray film, the diagnostic pro-
cedure 1s constdered complete  Chinically, trau-
matized ligaments may cause as much damage
as direct trauma to bone Bonnin and Berridge
of England have shown that certain refinements
1n roentgenographic technique can actually dem-
onstrate ligamentous rupture, they have thus
developed a method of distinguishimg sprains
from complete ruptures
They have utilized 1 the study of the ankle
in addition to usual views
1 Plamn roentgenography mn standard posi-
tion compared with a film of the opposite
side to study the syndesmosts
2 Roentgenography under strain or the
“posttion of deformity.”
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Fl(:mt 3B Anatopnes]l  Tarsals metatapals  phalanges acuess ilm  plane of sole 1t 45 degree andle to film suface
;’n soft tissues  Frlr 10X 12 nch, obliquelv positioned Foral Spor Ahcn to center of hlm  Precannrar Sueport
osfior Patient laterally recumbent, foot extended obligueds knee of side under <tudy by opposite knee to prevent motion

(Courtexy TME VYD~ of the L 8 Apm)
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Ficurg 35

3 Arthrography with a diodone compound
Diodone is a contrast medium used in
further roentgen study of ankle injurtes

Of the three methods, diagnostic exposure to

roentgen rays under strain proved the best and
was done under general anesthesia

Positioning
The posttion of the foot for roentgen picture
of the ankle presents some difficulty because
both inversion and eversion give varying ap-
pearances if the foot 1s plantarflexed In full
dorsiflexson the true view 1s obtained A trau-
matized ankle with soft tissue edema adds to
the problem of an accurate ankle view by cloud-
ing both malleolt Bonnin describes four posi-
tions 1n ankle examinations
1 Anteroposterior, 10 degrees imnternal ro-
tation
2 Anteroposterior, 30 degrees internal ro-
tation '
The foot 1s fully dorsiflesed and a prism with
angles of 30 degrees was made by Bonnin with
cach foot resting on onc side of the prism  The

Oblique view

head of the first metatarsal and medial malle-
olus are placed against the prism with the foot
mn dorsiflexion
3 Lateral, with the central ray going through
both malleols The subtalar joint shows
well 1n this projection
4 Lateral, with ankle rotated to bring the
fibula behind the tibia  Ashhurst and
Bromer state that in the normal foot a
clear space 1s 110t seen between the tibia
and fibula and if present a diagnosis of
separation or diastasis can be made
Bonnin, however, has described several cases
of normal tibiofibular separation and ascribes
it to a shallow tibiofibular groove He believes
that an accurate diagnosis of pathological sepa-
ration should be made on the basis of com-
parable roentgen study of both ankles at 30
degree mversion, and should further be cheched
by extreme rotation of the foot This mancuver
will show a still greater widening of the nter-
space

Roentgenography of the Ankle under Strain
Bonnin finds this method to be most satis-
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factory He describes four varieties of stramn

1 Involvement of the fibular collateral liga-
ment Inversion of hind part of the foot
1s the posttion used 1n cases suggestive of
injury to the fibular collateral ligament

2 Involvement of the deltoid ligament Po-
sition of eversion 1s used whenever evi-
dence pomts to mjury to the deltord
ligament In complete lesions a 45-degree
tilt of the talus may be found

3 Here the inferior surface of the tibta and
the supertor surface of the talus separate
Plantar flexton 1s the position used

4 Tibofibular separation External rota-
tion of the foot 1s used 1n doubtful cases
of tibiofibular separation, with antero-
posterior view in 30-degree inversion

Arthrography of Ankle Joint

Bonnin and Berridge state that in their sertes
of cases all were done under general anesthesia
They used the “pyelosil” brand of diodone (3
to 6 cc) The injection 1s made at the level of
the lower surface of the tibra about 14 inch

(127 em ) mside the anterior margin of each

malleolus  After mnjection the joint 1s manipu-
lated to diffuse the contrast medwum The
shorter the lapse of time between 1njection and
C\posure to roentgen rays, the more detail and
contrast will be achieved, and the more readily

the location and extent of injury determined or
verified

Arthrography of Normal Ankle
(Figures 47-50)

The joint space between the superior surface
of the talus and the inferior surface of the tibia
should be a thin line  This line should extend
downward in the anteroposterior view, just in-
ferior to the malleoli The anterior sac of
the synovial membrane extends forward and

slightly beyond the articular surface of the talus
The smaller posterior sac may show invagina-
tions from the pressures of tendons

Arthography of Injured Ankle
(Figures 51, 52)

1 To asstst in ascertaining location and ex-
tent of ligamentous damage or rupture,
the course of the contrast medmum 1s ob-
served The paths of mfiltration of the
fluid outline the shape of the bones and
if there 15 a rupture, 1ts extent may be
measured by the extent of the passage of
the medmum into the interspace made
wherte the ligament has become loosened
from its attachment to the bone

2 In external rotation fractures of the fibula,
the talus and inferior fragment of the
fibula may rotate backward, rupturing
both the anterior capsule of the joint and
the deltoid ligament

3 Communication of ankle joint with ten-
don sheaths of the peroner may be a nor-
mal occurrence However, 1n severe
strains and ligamentous rupture the pero-
neal sheaths are always involved.

4 Communication of ankle with subtalar
jomnt 15 also supposed to be of normal
occurrence Bonnin stated 1t was found
in several of the cases that were not 1n-
jured

Observations of Bonnin

“Only through arthrography can a positive
diagnosis of partial diastasts be made involving
the anterior or posterior tibiofibular igament ”
The procedure should be mstituted as soon as
possible after injury, since the narrow spacc
between tibia and fibula rapidly becomes con-
gested with blood, which will make the difiusion
of the contrast medium 1mpossible
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FIGURE 36A

FiGurt 36  Ankle, lateral posttion Film 8 x 10, vertical,

lengthwise  Posuson  Patient supinc, foot upright, mter

malleolar plane as nearly horizontal as possible, lateral mal
lcolus 1t center of film

(Rep rodluent by permission ot the Departinent of the US Ammy,
TAL §.20)

FOCAL SPOT

Ficunt 36B
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¢ (Latcral view)

3

FIGURE 37 Roeentgenugriphuc result of figure
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Ficurr 38A  For axial projection

FiGURE 38 Plantaroposterior position of calcaneus Frlir 8x 10 lengthwise Posrtion  Patient sitting or supine centert of
heel 5 em distal to center of film  Foeal Spot Tube angled 40 degrees align to midwidth of foot at junction of nuddie and
postertor thirds of plantar surface
{Repriduced by permission of the Department of the UR A TN §.250)

Figurr 3SB
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FIGURE 39 Roentgenographic result of Figure 38
Plantaropostersor (ansal) view of calcaneus
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FiGURE 40A

Ficure 40 Ankle, antcroposterior  Anatomical  Talus,
distal, ubia and fibula, ankle joint and soft tissues Frlm
8 % 10 inches, lengthwise Posirzon  Patient supine, internal
mallcolus, and midlength of film Focal Spor Align to mid-
w1dth of ankle, at level of prominence of internal malleolus
Precautronr Shght anternal rotation (until plane of condyle

1s paralle! to film)  Addusond  Immobihization with <and-
bags—Ileg and foot Varratran  An unobstructed view of the
lower end of the fibulh may be obtamned by internally rotating
the foot 10 to 15 degrees, princpal ray remainine vertical
Note Fracture of lorer end of tibin demands examunation
of entire length of fibula © T8 280 Dept of L8 Amy

TIBIA

FIBULA

Ticerr 40B



ANATOMY AND POSITIONING OF THE FOOT FOR ROENTGENOGRAPHY 63

Ficure 41

TIBIA

FiBULA
FIGURE 42 Schematic representation  of  anteropostersor
sien of anble

MEDIAL MALL LAT MALLEOUS

TALUS

QS cALCIS
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FIGURE 43 Al position of sesamoid and metatarsal bones Central ray 1s directed at a GO degree angle avoiding heel
Foot 1s dorsiflexed at metatarsophalangeal joint.

Fiure 44 Roentgenogram of axial position of metatarsals and sesamoid bones
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FiIGURE 47 Normal arthrograph  Lateral view of ankle
showing groove of flexor hallucis longus tn posterior aspect

of joint
(Courteev Dr J G Bonnmn, Maddlescx, Fngland)

FiGurRE 45  Plantar-medial position Kaee 1s shightly flexed

and the medial surface of the dorsum of the foot must be n

contact with the film holder Central ray 1s directed at a 90
degree angle to the center of the film and foot

Ficure 48  Normal arthrograph  Anteropostenior view of
ankle  The position 15 ten degrees anternal rotation The
rounded uatension 1< the 1rea undee the antenior margm of
YRE 46 Roentaenographic result of plintar medial the deltond ligament

position (Coartes D= J G TBommn My ldlesex, Fnelard)

Fic
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FIGURE 49  Arthrogram of normal ankle joint Lateral view

(© Dr_ H Xelihinn, by permussion of Surgery, Gyneeology and Ob-
stetrics

FiIGURE 51 Arthrograph showing rupture of calcaneofibular
portion of hbular collateral ligament and the narrow back of

escaping fluid betw een bone and the periosteum
(Courtesy Dr J G Bonmn Middlesex, England, by pernnsxion of
Surgery Gynecology and Obstetrice)
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FIGURE 50 Arthrogram of normal ankle jomnt Antero
posterior view
(@ Dr H Kelilaan, by permussion of Surgery, Gynecology and Ob- ~
atetrics)
7
'
e

FIGURE 52 Arthrograph showing escape of the contrast
medium anteriorly

}Y.U% (Courtesy Dr J G Bonnin Aliddlesex, England by permtsaon of
Surgery, Gynccology and QObstetrics)
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Of an old soldier of Wosld War 1 “As he
shuffled away atded by bis stick 1 knew bis feet
and legs had preceded the 1est of his body 1

seniliy”
T J WOODFORD
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Chapter Four

FRACTURES AND DISLOCATIONS OF
BONES OF THE FOOT AND ANKLE

Fractures and dislocations of bones of the
foot are among the most common derange-
ments and disabilities encountered 1n practice

Fractures of Ankle

Fractures of the talus and distal ends of the
tibia and fibula constitute a group termed ankle
fractures Any break m and around the ankle
joint may result mn a malfunctioning foot be-
cause the ankle joint 1s a primary weight-bearing
joint

Dickson’s Classification of Ankle Fractures

A Fractures of malleol:

1 Isolated
a Med1al malleolus
b Lateral malleolus
2 Combined
a Low fractures of both malleols with
no talar displacement
b. Fractures of both malleol: with dis-
placement of talus (Pott’s fracture)

B TFractures of weight-bearing surfaces of
tibia

1 Tsolated
a Tractures of anterior margin of tibia

b Tractures of posterior margin of
tibia

Combined

« Fractures of anterior and posterior
margins of tibia together with frac-
tures of both malleols
Tri-malleolar or Cotton's fracture
(Digure 53)

Destot was the first to give the descriptive

2
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term postestor malleolus to the posterior articu-
lar margin of the concave surface of the tibia
Lewin believes 1t to be fractured more frequent-
ly than 1s generally supposed

Henderson has suggested that the term “tri-
malleolar’ be given properly to describe a com-
bined fracture of both malleols, posterior malle-
olus, and displacement laterally of the talus

Fractures of Medial Malleolus

Simple, 1solated fractures of the medial malle-
olus are commonly found 1n children following
a fall or jump from even slight elevations The
most common stte 1s the tip of the distal end of
the medial malleolus In roentgenograms the
fragment may be seen to vary in size from that
of a small pea to the entire anatomical medial
malleolus (Figure 54)

Fractures of Lateral Malleolus

An 1solated fracture of the lateral malleolus
may occur as a result of a severe fall with
extreme eversion The talus may be thrust
against the fibula and the extent of the break 1s
proportional to the amount of stress eserted
upon 1t The common picture is that of a chip
fracture at the distal end of the lateral mallcolus
assoctated with painful anhle sprains Too often
roentgen photographs are not made and these
mjuries are therefore not gmiven the attention
they require  All ankle sprains should have the
benefit of x-rav diagnosis In two or more views
these * chip™ malicolar fractures will be picled
up and not overlooked (Figure 59%)
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Tn malleolar fracture of the ankle (Schemat-
1) 1 Anteroposterior view through ankle demonstrating
bimalleolar fractures 2 Fractured posterior malleolus 3
Lateral view demonstrating posterior displacement of tibia

FIGURE 53

Fractures of Both Malleoli without
Talar Displacement -
Falls, severe torsion, and trauma, direct or
indirect, may bring about “bimalleolar” fracture
The ankle joint receives more than its share of
stress If a foot 1s held firmly 1n one position
v and the body 1s thrust forward, bimalleolar frac-
tures are the result Only mild outward dis-
placement can occur here since the talus remains
mtact (Figures 56, 57)

Pott’s Fracture (Figure 58)

The most common fracture 1n the ankle 1s one
mvolving the distal end of the fibula and usually
a concomitant break of the medial malleolus
It may be accomplished by torsion, direct or
indirect trauma, a fall, or a severe blow of a
falling object

After such injuries, roentgenograms should
be taken at once because Pott’s fracture 1s often
erroneously diagnosed as severe ankle spramn
Since the ankle joint has two levers of unequal
length (The fibula 1s somewhat longer than the
tibia ), 1t 1s necessarily subject to trauma When-
ever suffictent force turns or twists the foot out-
ward, the medial malleolus will be broken

In typical Pott’s fracture there 1s a history of

Maler
165 pounds (748 kg ), History
Patient gives lustory of spraining the left ankle two days
before sceking relief. Minimum amount of swelling around

FIGURE 54 Fracture, medial malleolus Patrent

Age 28 years, Wesght

the medial malleolus Clinscal Observations Foot sensitive
to digital pressure over tip of medial malleclus No limata-
tion of range of motion Roenmtgenography Roentgenogram
of left ankle anteroposterior projection reveals a small chip
fracture of the medial malleolus The distal fragment 1s 1n
excellent position Soft tissue edema at a mimmum No
other discernible bone or joint pathology Dragnosts Chip
fracture of tip of the medial malleolus of the left foot

severe everston of the foot, peroneal spasm fol-
lows and the talus 1s thrust toward the lateral
malleolus which breaks at its vulnerable potnt
near the ankle joint The talus 1s thrust outward
and postertorly Dorsiflexion 1s limited because
of the new posterior posttion of the talus Move-
ment of the foot laterally produces crepitus,
there 1s severe pamn over the fractured fibula
and the patient may not be able to stand erect
There are cases on record in which pattents
suffered typical Pott's fracture and continued
weight-bearing locomotton for weeks when final-
ly routine roentgenograms revealed the evidence
leading to correct diagnosis The fracture of
the fibula 1s from 1V5 inches (38 cm) to 2
inches (5 1 ¢cm ) above the tip
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Ticurt 55 Tracture, Lateral mallecolus Patrent Male,
Age 17 years, W esght 135 pounds (612 kg ), History

Patient injured left ankle in fall from horse Roenrgeno-
graph  Lateral view reveals a complete oblique fracture of
the lateral malleclus at a site superior to the level of the pos-
terorsuperior atticular surface at the talus A fracture hine 1s
vistble for a distance of 13 centimeters  The distal fragment

15 1n a telatively good position

Skinner 1s of the opimnion that the normal
weight-bearing line of the tibia, which 1s trans-
ferred to the foot proper through the talus,
must be maintained if a functionally useful
ankle 1s to be the destred result

Fractures of Weight-Bearing Surfaces
of the Tibia

Tractures of the anterior margin of the distal
end of the tiba are ordinarly brought about
when the individual slips on a curb, stair, or
ladder step In such nstance, the foot shdes
off and 15 thrust upward and the force 1s trans-
nutted to the talus and thence to the tibra

A fracture of the posterior malleolus or pos-
tenor one-third portion of the articular margin
of the tibra 1s hrought about by a thrust of the
tlus on the postersor margin of the tibia, Usu-

ally the heel 1s caught on the end rung of a
ladder or chair The foot 1s hyperextended and
the fractured posterior tibtal fragment and talus
are thrust upward and postertorly

CLASSIFICATION OF FRACTURES

In his attempt to clarify the subject of classt-
fication of ankle injuries, Bonnin has come to
the conclusion that the mechanism of fracture
presents the only satisfactory system of descrip-
tton He divides the classtfication into (a) in-
juries by external rotation violence, (b) injur-
tes by abduction violence, (c) injuries by
adduction, (d) injurtes by compression, (e)
supramalleolar fractures, (f) injuries by direct
violence His fundamental observation 1s that
most ankle fractures are due to external rota-
tion without any abduction

Trimalleolar Fracture (Cotton’s)

In this type of njury the posterior articular
margin of the tibia 1s fractured with displace-
ment A marked eversion of the foot follows
such breaks, both medial and lateral malleols
are likewsse fractured

Fracture of Calcaneus (Figures 59, 60)

In the tarsus, the calcaneus 1s the bone most
often fractured A violent crushing injury or
a fall from a constderable height usually will
precipitate 2 break i the spongy heel bone
The fracture line may be seen early but does
not persist, however, the alteration 1n outline or
outer conformation of the injured calcaneus
will remain It should be routine proccdure n
heel involvement to x-ray the posterior half of
both calcanet  The patient stands with heels on
film holder The central ray should make a
40-degree angle with the horizontal plane and
go forward through the center of the calcancus
This view 1s of value in determining the degree
of displacement of the fractured elements (med-
1l and lateral) of the heel bone
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A Anteroposterior B lateral

FIGURES 56, 57 Old bimalleolar fracture with malunion 1 Tip of medial malleolus 1s so rotated that it approximates the
body of the talus on its medial margin 2 Callus has united the lateral malleolar fragment 3 Osteoparosts of the entire tarsus
4 Marked soft tissue edema through foot and ankle, posterior and medial aspect "

Fractures of the epiphysis (Figure 61) of the
calcaneus may likewise occur following a fall
from a height They are not common 1n chil-
dren, however, since the young tissues around
the heel are endowed with remarkable protec-
tion When they do occur, an axial view as well
as a lateral must be taken Figures 62, 63, 64,
65 show two cases which Snedecor reported of
a compound, comminuted fracture of the cal-
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caneus with excellent end results following j;é %/.:y)
7 .
treatment L Z :a
A 8

The roentgen examination of traumatic les-

1ons of bones and joints rematns the outstand- Ficurr 58 A Normal central tibial axis which bisects the
head of the talus B Potts fracture demonstrating external

ng branch of roentgenObgy displacement of talus The central tibial axis cuts about 14
1 Conditron of skin When a wound ex- of the talus

tends externally from the skin to the fracture,

it 1s described as compound Other fractures 3 Dunectron of fractuie lme Fractures may

are stmple be longitudinal, transverse, oblique, spiral, 'V,
2 Degree of fracture It 1s complete when  "T,” or 'Y ' shaped, stellate or comminuted

continuity of bone 1s completely mterrupted, 4 Locatron of fractme Ime This may in-

it 1s incomplete when 1t 1s a greenstick fracture  volve shaft, body, end, neck, head of bone and
(cortex broken on convesity of long bone) may be intra-articular or extra-articular
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TIGURT 60 Schematic drawing of comminuted fracture of the calcaneus with hittle joint injuny  The tuber-joint
angle 15 now reduced

5. Posutton of fragnents This 1s the most
umportant factor 1n roentgen examination and
should be carefully reported The fragments
may be shortened (with impaction or overrid-
mg), rotated or angulated The amount of
vistble shortening or angulation demonstrable
in the roentgenogram vartes with the examiner’s

technique  The mjured part should always be in
dose provimuty to the film

TRAUMATIC WAR TRACTURES

Snedecor describes several mteresting foot

and ankle fractures that occurred during Wo
War II His reports are based on observats
and treatment of severe foot injuries in wh
the fractures had been sustamned a number
weeks before they came to his attention T
entatled spectal study of basic tissuc defe
loss of bone substance, irregular healing, a
structural changes that had already taken pl:
and formed the ground v ork for planning st
able reconstructne surgical procedure.
Restoring a semblance of function, sensati
and comfort 1s better than amputating a foot
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FIGURE 61A

'

Eversion of the Foot

This deformity, which resulted fairly often
as a sequel 1n ankle fractures, was caused by an
outer displacement of etther or both malleols
Snedecor states that 1t was the most common
complication of poorly reduced Pott’s fractures
Extensive surgery 1s necessary to secure an ap-
proximation of normal joint mortise

In several cases of extreme involvement
arthrodests was 1nstituted, since cartilaginous
damage was irreparable Snedecor’s first case
was a pattent injured in a mine explosion
Figure G2A 1s a reproduction of roentgeno-
graphs showing marked distortion of the ankle
with multiple fractures Observe, too, the sub-
talar joint displacement Surgical procedure 1n-
cluded the use of a sliding bone graft and arth-
rodests The postoperative films are shown 1n
Figure 62B An 1nlay graft was used down the
front of the tibra which was fitted 1nto a recerv-
ing slot in the talus

I
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FIGURE 61B

Ficurrs 61 (A and B)  Fracture of the epx;;hysxs of cal-
caneus ‘There has been fragmentation of the epiphysis of the
os calass with posterior displacement of the fragment approx-
mmately 1 cm 1n diameter  Other fragments have maintained
their normal relationship  Both ax1al and lateral views show
similar defect. (Courtesy Dr 8 M Marcus)

Fracture of the Calcaneus

The gravity of calcaneal fractures depends
on the force of the thrust of the compact upper
articular surface into the spongy type of bone
beneath

Snedecor discusses three types of calcaneal
fractures

a severe unreduced fractures m which the
body of the bone was so displaced that the
angle of the tuber calcaner was markedly
altered,

b those 1n which fractures, rregularities, or
loss of bone substance, entered directly
into the subtalar joint, and frequently into
the calcaneocuboid jont, and

¢ those with chronic osteomyelitts of the
body of the calcaneus ‘

1 Severe Unreduced Fractures In Figures
63, 64, and G5 1s shown a case in which the pa-
tient’s foot was injured 1 a bomb exploston on
a ship’s deck The tension on the Achilles ten-
don had reversed the tuber angle about 45 de-
grees Atoperation the calcaneus and talus were
held down by a pin

2 Deformures of Jomts Due 1o Calcaneal
Fractures This type conttnued to be pamful
after weight-bearing tests The pain was usually
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FiGURE 63

located just infertor to the lateral malleolus
where the calcaneal bulge was widest Triple
arthrodesis was resorted to in the more disabl-
ing njuries In the simpler breaks the bulging
portion of the calcaneus was gouged out

3 Infected Componnd Fractures of the Body
of the Calcanens Althdugh quite common,
this problem was not the easiest to solve Often
these compound splintering injuries of the heel
were infected and a persistent low grade osteo-
myelitts of the cancellous body ensued, a com-
plication which made 1t difficult to check ex-
tenston of the infectton Reconstruction surgery
ot rebuilding of the parts 1s somettmes necessary
Figure 66 shows a case which, following sev-
eral unsatisfactory operattons for removal of

Axial View

Compound communuted fracture of calcaneus, unreduced after six weeks

sequestra, had to undergo radical saucertzation
According to Snedecor’s method, the top of the
cavity was unroofed, the skin flaps forced mnto
the cavity and healing finally took place

Figure 67 shows postoperative fusion of a
persistent bone defect which had to be filled 1n
with bone graft from the tibra

Metatarsal Injuries

According to Snedecor’s experience, multiple
metatarsal fractures invarnably produced a pamn-
ful foot unfit for military duty In many cases
a major defect in the metatarsal necessitated
spectal surgery Loss of bony substance in the
first and second metatarsals was remedted by
bone grafts, as in Figures 68 and 69 The gap
in the third metatarsal was not filled
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FIGURF 66 Patient was wounded by shrapnel in .

1943, 1n Afcica A compound comminuted fractu

body of calcaneus resulted Wound healed after ¢

saucenization, unroofing of cawity, and covering witl
flaps

Figurr 65 Final result  Axinl view of heel and lateral

view of foot and ankle

(Courtesy of Journal of Bone and Jomt Surgery \ol 28, No 2, Apnl
W6 Dr S T Snedecor)

FIGURF 67 Postoperative result to correct bony def
cunuform area Defect was filled 1in with bone eraft

Summary  Snedecor’s results were reported

generally quite satisfactory in the great oumber b (Courtixy of Jaurnal of Bone and Jomt Surpery
of war mjuties coming to his attention and the N0 % Wm0 Dr § 7 Snedeeen)

many saneties of major and frequently comp- History Questioning brought out that he
licated fractures of the foot and ankle stipped on a piece of steel at the plant whe,

s
A

worked He stated that his foot turned cat
lim to fall to the oiled floor As a result
foot was njured and he notrced that 1t beg:
swell shortly thereafter He sought medica
vice the follow g day

Phyiteal Exammatzon Tmmediately app:
upon exanunation of the myured member
the discoloration which eatended from the

Case Reports

The following are records of typical meta-
tarstl fractures taken at random from our files
Casc 1 W § . a middle-aged man, weighing
about 165 pounds (748 hg) was seen on July
22, 1949 He came into the office hmping on
the left foot which was confined 1 a slipper
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of the cuboid to all the lesser toes; also the
edematous effusion over the entire dorsum The
pulse was normal Physical diagnosts together
with added testimony of the patient made 1t
tmperattve to roentgenograph the foot for the
purpose of determining the possibility of bone
mnvolvement )

FIGURE 68

Multiple metatarsal fractures showing bone
- graft Lateral view ~

Study of Roentgenogiam reveals a fracture
line 1n the fifth metatarsal It extends obliquely
down the shaft to 1ts middle one third, where
a small fragment of cortical bone has been
pulled away from the shaft at right angles to
the body of the bone See Figures 70 and 71

Case 2 ] W, a white man 50 years of age,
was examuned on Oct 22, 1949, He was a well-
built, stocky, healthy individual, a shoemaker
by trade He complamned of disabling pamn n
the left foot following 1njury

History He gave a history of having slipped
on wet pavement earlter 1n the day (Oct 22,
1949) His left foot turned under him and he
famnted The foot began to swell almost im-
mediately after the accident

Physical Examiation  His left foot was
found to be extremely sensitive to touch, and
mversion elicited severe pain Edema extended
from the lateral malleolus to the muddle por-
tion of the fifth metatarsal

Stndy of Roentgenogram shows simple, in-
complete fracture of the base of the fifth meta-
tarsal The fracture Ine 1s 1 ecm long (Fig-
ure 72)

Case 3 F S, a white man aged 46, came
mto the office Oct 20, 1949 with an njured,
painful right foot, pain most severe 1n the area
of the third and fourth metatarsal shafts

History 'The history 1s interesting because
of the bizarre mechanism of trauma The pa-
tient mnjured the foot on Oct 15, 1949 at home
while attempting to repair a water botler It
fell on his foot and a small nipple protruding
from the boder somehow struck and penetrated
the mstep The patient waited five days before
seeking medical attention
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FIGURT 69  Anteroposterior view showng bone graft

(Courtess of Journal of Bone and Jomt Surgery Vol 28, Mo 2 \pnl
1916 Dr § T Snedeecor)
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.

Plyvsical Cxannnation On palpation the pulse
was found to be normal The night foot was
swollen, red, hot to touch The skin over the
dorsum was lacerated The evidence suggested
fracture and a roentgen-ray picture was there-
fore required to verify the tentative diagnosis
and to determine the nature and etent of in-
volvement

Study of Roentgenogram. The film shows a
complete ' Y"-shaped fracture of the distal
third of the third metatarsal A fragment from
the cortex (1 cm long) 1s pulled away from
the bodv of the bone and 1t 1s at an acute angle
with the metatarsal shaft  Tragments as here

3 __7-22-49 -
Tigurr 70  Case histories of traumatic metatarsal fractures Casc 1 Complcte fracture of Sth metatarsal shaft running
obhiquely down to the middle thied of the bone

shown are only 1 a fair positton  See Figure 75

Later films (Dec 26, 1949) reveal a sold
callus formation enclosing the fragments The
callus 1s fusiform 1n shape and of equal density
throughout See Igure 74

Fracture of the Talus

Fractures of this bone may gne rise to serious
disabilsty because of the important function of
the talus in recenning and distnibuting bady
weight The most common factor 1s a crushing
njury

A fracture of the posterior portion of the
talus, which articulates with the calcaneus, 1s
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1

known as Shepherd’s fracture Since 1t 1s char-
acterized by a detachment of the outer project-
ing edge, 1t has been mistaken for an os trigo-
num which 15 a supernumerary bone In os
trigonum the separation 1s distinct from the
body of the talus, while in Shepherd’s fracture
1t 1s irregular - Moreover, os trigonum 1s usually
bilateral Shepherd’s fracture 1s unilateral and
confined to the mnjured member

L

.y
1

e
1

FiIGURE 71 Case 1 The oblique view of S5th metatarsal
fracture Observe critical fragment which 15 at nght angles
to the shaft of the bone

Every case of fractured talus has a predis-

position to traumatic arthritis  Inasmuch as the

talus articulates with the tibia, fibula, navicular
and calcaneus, it 1s of prime smportance not to

overlook a fracture 1n this area Likewse, be-

cause of its peculiar position, 1t must be remem-

bered that the talus carries more superimposed
weight than does any other bone 1n the entire
skeleton

i

Fracture of the Neck of the Talus ~
(Figure 75) ‘

The neck of the talus recetves its blood sup-
ply from a small branch of the dorsalis pedis-
artery If this part of the talus is fractured
proximal to the artery, the avenue of blood to
1t will be altered and the supply markedly dimin-
ished Adequate nutritive provision here 1s 1m-
perative as otherwise the body of the talus may
undergo dissolutton If the fracture occurs
somewhat distal to the neck, a less severe form
of disintegration may take place and a fixed
arthritis of the talonavicular articulation will
follow

Fracture of the Cuboid

Although quite uncommon because of 1its
protected position in the foot, fractures of the
cubotd have been found following severe crush-
ing 1njuries such as may take place, for example,
when the wheel of a car passes over the foot
The fracture more common 1o this area usually
involves the base of the fifth metatarsal, which
articulates posteriorly with the cubord Such
break should not be confused with a supernu-
merary bone that 1s somettmes found at the base
of the fifth metatarsal (os vesalius)

Fracture of the Navicular (Figure 77)

Wright and Lewin both called these “"French
heel” fractures of the navicular Wright be-
lieves the mechanism of fracture to be a forced
plantar flexion of the foot on the ankle with
inversion or eversion At times a small portion
of bone 1s torn away from the anterior margin
of the talus on 1ts supersor surface Too many
of these cases are diagnosed as sprains and do
not recesve the benefit of x-ray examination

-
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FIGURE 72

So called sprains would have a much shorter
period of disability if roentgen-ray pictures are
taken at the time of njury

Both “chip” fractures and fractures of the
body of the bone occur and may terminate n
arthritic mvolvement because of malunion

Fracture-Dislocation of Midearsal Joint

An unusual tpe of fracture-dislocation fol-
lowing severe trauma was reported by Jaslow
The dislocation was an inward subluxation at
the nudtarsal jomnt whereby the navicular was
forced more postertorly on the talus than was
the cubord on the calcancus

Jasteae's Case Report (Tigures 79A, 79B

Casc 2 Incomplete fracture of the base of the Sth metatirsal shaft

80A, 80B) “An eleven year old boy was secn
tn this cltnic with a pamnful swollen left foot
Twelve days before he was riding a ponv and
the animal fell and rolled on his left foot
Roentgenograms revealed a fracture-dislocation
of the talonavicular and calcaneocuboid jonts
with possible fracture of the third cuneiform
bone and incomplete fractures of the neck of
the second and third metatarsals

It was decided to do an open reduction  The
talonavicular jomnt was opened through a dorso
medial inaision Reduction was attempted but
a block was encountered at the calcancocuboid
joint  The calcancocubord jomnt was exposed
and fibrous tissue was removed The dorsal
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Case 3 Complete fracture of the 3rd metatarsal of the right foot Two films taken at different dates (1) Octo

ber 20, 1949 and (2) December 26, 1949 Obsene in second film® (Figure 74) that a callus has comple.ely surrounded the
fragments and 1t 1s evident 1n both anteroposterior and oblique views

cortices of both navicular and cuboid were frac-
tured and a cotton ligature, which was pulled
through awl holes between the two bones, tore
through osteoporotic bone A stainless steel
screw was tnserted into the medial aspect of the
navicular through a drill hole and nserted into
the cuboid

Fracture of the Cuneiforms
Since the three cuneiform bones are so firmly

wedged in the tarsus by the navicular postersor-
ly and by the wide bases of the first, second and
third metatarsals, they are seldom fractured
A break may occur, however, in connection
with trauma from a fall

Fracture of the Metatarsals

Fractures of the metatarsals may be the con-
sequence of a jump or a fall from some height,
with the full weight of the individual coming
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dow n on the ball of the foot (Figure 81) Meta-
tarsal fractures are commonly found in associ-
ation with gunshot wounds of the foot (Figure
82) Violent running or acrobatic dancing bas
also produced metatarsal fractures Direct trau-
ma on the dorsum of the foot, as in the falling of
a steel bar upon 1t. may break these shaft bones
(Figures 83, 84, 85, 86) A special type of meta-
tarsal fracture, whose initial trauma seems ven
shght  since no violent muscular output or
defimte accident 1s imvolved, but follows long,
farced marches, 1 called march fracture This
will be discussed separately  (Tigures 87-91)

4

Later film of figure 73

Fracture of the Sesamoids

Fracture of the sesamoid bones, which lic in
the flexor hallucis brevis tendon 1n the foot, 1s
relatively uncommon Christopher, Schuster and
others agree on 1ts rarity Holmes believes that
divided sesamoids are not unusual but that frac-
tures of single sesamoids are extremely rare
Only three cases were recorded by Pearce 1n a
five-vear period

Sesamord fractures must be distinguished
from bipartite or divided sesamord develop-
ment  Diiferential diagnosis may be established
by the facts of the history and the evidence of
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Schematic drawing Fracture of the neckh of
talus

FIGURE 75

bilateral x-ray films One sesamotd may fail to
appear and 1n this case the remaining sesamoid
1s usually drvided Bilateral non-development
of one or both sesamotds 1s extremely rare, but
a few reports have been published Whenever
ctrcumstances suggest the possibility of fractures
in the sesamoid area, 1t should be routine pro-
cedure to take anteroposterior and lateral pro-
jections of both feet

A description of Pearce’s case follows "One
afternoon a young housewife limped imto the
office and complaned of terrific pain beneath
her great toe joint She stated her shoes were
of the ‘sensible’ type Recently she sought re-
lief and a diagnosis of gout was made The
lobes of her ears were checked for topht and
the joint capsule stretched with no pan to the
patient All pain was definitely localized be-
neath the first metatarsophalangeal joint Blood
uric acid was checked and found to be within
normal himits ™

Roentgenographic films revealed a fractured
sesamoid as shown 1n schematic drawing (Fig-
ure 94A) Figure 94B, taken six wecks later,
shows union

Comments Inasmuch as no history of trau-
ma 15 given 1n this case, 1t 15 a possibility that

such fracture could be of the fatigue type, an-
alogous to what we see 1n march fracture of the
metatarsals Long contmnued housework may
be a source of repeated irrttation to the shin,
muscles, blood supply and finally the bone itself

Fracture of Fifth Metatarsal Bone
(Figures 82-85) ‘

A fairly common mjury 1s a fracture of the
base of the fifth metatarsal It 1s due to torsion
of the foot while the weight of the body 1s be
ing thrown forward A heavy object falling di-
rectly over the metatarsal may also fracture the
base Roentgenographs should be taken of both
feet to rule out possibility of a supernumerary
bone 1n this area (os vesalius)

Fracture of Phalanges (Figures 95-99)

Fractures of the phalanges are frequently seen
tn practice and are usually brought about by di-
rect trauma, manly through stubbing the toes
Lewin terms them ‘“bedroom” fractures since
the accident 1n most tnstances occurs at night
when the bare toe strikes sharply against un-
seen bedpost or chatr 1n dim or darkened room
When the impact 1s delivered directly to the
distal end of the toe, the force 1s thrown on
etther the proximal or muddle phalanx and 1t
1s here where these pamful fractures are found
The digits most often involved are the fifth
and second

March Fractures

Definstron  March foot or march fracture 1s
a linear break usually at the middle one-third
of the second or third metatarsal shafts. Brest-
haupt, a Prussian army surgeon, first explained
the mechanism of this fracture in 1855, follow-
ing an extended march

Etrology Fatigue 1s now believed to be the
primary causative factor The fracture line is
only one of the alterations that appear in the
march-fracture syndrome Hauser 1s of the opin-
1on that 1t 1s associated with pes valgoplanus or
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a sequel to hallux valgus operations: Jansen
1n his investigations thought that the interosse-
ous muscles went 1nto spasm causing vascular
changes in the metatarsal bones He believed
this arculatory change to be sufficient to cause
bone atrophy and finally fracture

Ll-fitting Footwear. There exists a relation-
ship between short shoes and pressure over thc
bases of the metatarsals with a resultant 1n-
creased load forced on the metatarsal heads and

7
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TiGURE 76  OId mmpacted fracture of tarsus

Incrensed jomnt space <econd, thy
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from there to the imnsole of the shoe Likewise,
a second force—lateral 1n direction—is exerted
on the first and second metatarsals 1n short, wide
shoes Bones which recerre continuons excessive
stratns and 5tiesses must as a consequence un-
dergo changes i architectiure
Symptoms March foot 1s a progressive le-
sion The type of fracture and the degree of
callus formation 1s proportional to the time 1t
1s permutted to bear weight after inutial symp-
toms have been sensed
1 History of sharp pain 1n the anterior region
of the foot
2 Edema of dorsum of foot with discolora-
tton from second to fourth metatarsal
shaft
3 A constant palpable mass over the affected
metatarsal At first 1t 1s soft, later calc-

fied This hard agglomeration 1s the result
of subperiosteal hemorrhage—a normal re-
actton of tissue to trauma

4 Pain directly over the involved metatarsal
1s significant as a factor i confirming the
diagnosts of such fracture

§oolhin  mihe dbehmde il e YT

Earlier Injury Many of these cases have a
negative history but careful investigation and
questtoning will often elictt recollection or bring
out other evidence of old ankle spraimns and toe
injuries

Anatomy Many cases of march foot exhibit
the long, hypertrophic second metatarsal shaft
Some 1nvestigators report that the third 1s the
metatarsal most frequently involved Osteo-
arthritis may be a concomitant pathological in-
volvement

1 Internal

FIGURE 77A OIld chip fracture of navicular
derangement of navicular 2 Os trigonum 3 Observe scler

osis along the talonavicular articulation These changes
usually are suggestive of early arthritic process, probably
secondary to onginal trauma

Figure 77 Chup fracture of naviculwr  Lateral view  Patient College hoy 21 years of age weighing 152 pounds (69 he)

[irstory Thus healthy, young man gives a history of having 1njured his left foot 1 1 bashetball game a year ago He was taken

to the college mfirmary wherc a diagnosis of a sprained ankle was made and 1t was taped up  He has had 1ntcm|ttcr;fap1xr;

through the snstep and notices swelhng over the iyured arc1 when he 15 on lus feet for some ume  Rocntgenograph) tera
view reveals an ununited fragment of bone at the posterosupenor articular margin of the pavscular
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March foot s rarely found 1n Negroes or in
former athletes, or 1n those with calloused feet
Roenigenography (Figures 87-91) In early
stages, roentgenograms may not demonstrate

o

i .
| 3

Dislocation of talonawvicular and talocalcaneal
joints

IGure 78

any changes In ten days to two weeks, changes
m the periosteum may be detected A linear
fracture 1s usually visible at about four weeks
A subperiosteal callus formation may be exten-
stve but as healing progresses this diminsshes

Mechamism of Fracture: March foot 1s simi-
lar to a greenstick fracture and 1t 1s probably
related to abnormal stress in the anteroposterior
or lateral directions The fracture line, if 1t does
occur, 1s mcomplete, very narrow and does not
go through the cortex  The mechantsm of frac-
ture apparently 1s the repetition of excessive
minor microtraumata to a pomnt beyond the ca-
pacity of the bone to withstand the onslaught

March Fractures of the Tibta

Varving only 1n site of pamn, march fractures
of the tibia resemble those which we encounter

m the metatarsals  These fractures are assoct-

ated with long-continued unremitting marching
and waght-bearmg  The fracture line s nar-

row. 1ncomplete, and goes through the cortex
onhy  Catlus forms carly

Pfahler 1n 1941 was the first American to
point out that this type of fracture exists He
stated that the callus resembles somewhat an

early osteogenic sarcoma tnasmuch as there 1s
an orderly calcum deposition subperiosteally

.

A Rocntgenaerams teveal the 4, asttien of the

FIGURF ~9

duslixated bunes on admusvon Tl e muditl displacoment of

the navicular and cubord 18 well demonsaated  Antetep
o0 vilw
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In English literature most of the cases have
been reported as prevailing in chddhood and
adolescence An explanation of the higher in-
cidence 1n these particular age groups may be
found 1n the more prominent part which phys:-
cal activity plays in youth The mechanism, just
as 1n metatarsal march fracture, no doubt 1s
cumulative, minor microtraumata to that potnt
above the strength of the bone to ressst the
strain .

The most common tibial march fracture oc-
curs 1n the area of the muddle and upper thirds
on the medial surface, however, they have been
found 1n other parts of the tibia

Early callus formation 1s a prominent charac-
teristic and 1s usually more than adequate The
following case 1s submitted to substantiate the
fact that march fractures are not confined ex-
clusively to the shafts of the metatarsals

Case A soldier, 25 years old, of stocky butld
had bad less than 4 months’ army service on
Aprl 1, 1944, while on an extended march
(more than 10 miles) he felt a dull aching n
the upper half of the right leg anteriorly The

.

pamn persisted with each succeeding step and
soon became so unbearable that he was con-
strained to diop out With the leg in depen-
dent position little pain was experienced After
an hour’s rest an attempt to bear weight was
made and the pain recurred

Soldier was ordered to quarters and nstructed
to rest leg After one week a swelling was evi-
dent over the whole anterior surface of the tibia
Five days later, that is, fifteen days after the
acute onset, the patient was admuitted to the
hospital Examtnation showed edema of the an-
tertor part of the leg with an area of extreme
tenderness at middle one-third of tibia

Roentgenogram revealed a thin, incomplete
line of fracture at medial aspect of the tibra,
where upper one-third merges mnto the middle
third

Summary A usual history of prolonged
marching, resulting in fatigue fracture 1s giv-
en here and fits fairly well with the history,
signs, symptoms and pathological changes of
sitmilar fractures we see 1n the metatarsals,
which vary only as to location (Figure 88)

FiGurr 79B Lateral view  Fracture Dislocation of midtarsal jomnt
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FIGURT S0 A Posiion four months after operation  The bones are in relat

(Courtes Jowral of Bore ond Jornr Sur,ery, Vol 28 Ng 8 Apr

nicly normal puation
19 1 1 A Jupuy

Anteropostenior siew
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FIGURE 80B  Lateral view (of 80A)

FiGURF 81  Chup fricture base of first metatarsal
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TiGure 82A

Ficure 82 (A and B) Compound comminuted fracture of
the fifth meta arsal, nght foot Paticnt Young man 21 years
old wushing 160 pounds (726 kg ) Hisrory He gives a
history of an acadental gunshot wound through the dorsum
of the neht foot Roenrgenography  Antcropostcrior and
oblique projections reveal several me allic fragments at the
site of 1 compound communuted fracture of the nght Afth
mutatarsal shaft, 1n ats nuddle one third  (A) Anteroposte-
nor view  (B) Oblique view

Fieurr 8% Fricture  Basc of fifth matatarsal Antero-
podteniar view

Ficure 828
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IiGURF 84 Tracture Base of Afth metatarsal Oblique view

FIGURE 85 Fracture Shaft of fifth metatarsal Patient A
man 29 years of age weipling 147 pounds (667 he)
History Patient mjured foot walking, down a high stair case
He was earrying 2 heavy load of wire when he stepped on
<0 uneven surface on the sccond step The entuce foot turnad,
causing the fore part to be twisted Roentgenogriphy
Anteropasterior and oblique projections seveal complete
oblique fracture of the distal one third of the fifth metatar
sal The distal fragment in the oblique projection appeared
to approximate the fourth metatarsal shaft  Anteroposteniar
Ticw
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- TiGure 86GA Ficure 86B

Ltk 6 (A and B)  Fracture  Base of fourth mctatarsdd Patient 1s a man 28 years old waghing 195 pounds (895 1)

Hiory A well dencloped man, he enves a histary of injuny to the right foot ten vears ago w a fall from 1 tree The foot bas

never been xerped - A dull wehing pasn at the outer side of the instep has been sensed for the past three months  Racrigernag-

rapfy Anteropostenor amd obhique vicws of richt fuot reve-l a transvarse nonunton fracture 2 em from the hase of the fourth

meritiesal - The oppoung ends ot frigmentc are cburmnited and the posstion 1s gosd  The medial sesanod at the first

mutatieaal hewd presents a nubdh fracmented and underdescloped appearance  prohably on an earlier traumstic bacs

Irserpoers e (1) Trwture of fourth metatarsal base, right foor with end result of nonunron (2) Underdeselopiment of
mednil seamond of night treit 1o {A) Oblique vien {B) Antcropusterior saew
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FiGURE 87 Schematic drawing of march fracture of metatarsal (1) March fracture, second metatarsal shaft, two wechs
after onset of symptoms (2) March fractuce, four weehs after onset of symptoms Observe that fracture ine does not go
through cortex of second metatarsal shaft

FIGURE 88 Schematic drawing of march fracture of tibia

Anteroposterior view demonstrates a thin, incomplete frac-

ture line traversing the cortex of the tibia on 1ts medsal

border (arrow) Approaimating the fracture Line 15 a mim-
mal amount of callus formation

3
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Ficurr 89A FIGURE 89B

Figurr 89 (A and B)  March fracture of the third metatarsal shaft, right foot Patient A man 29 yvears of ace weighing

160 pounds (726 kg ) Flestory Pawnt gines history of pun on walking about one weel after an estended march  There was

swething over the dorsum of the foot which was palpible  Roentgenograms were made approximatcly three weebs after

ongmnal trauma Recwrgenography  The anteroposterior projection reveals a mild periostesl reaction mn the midportion of the

thitd mewatar<al shaft The oblique view corroborated this finding by the presence of a fine penal lne fracture running
vbliquely forwrd through the cortex  (A) Anteroposterior view  (B) Obhique view
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Ficure 90 March fracture of the third metatarsal shaft

Note callus formation  Patient 1s a man, formerly 1 desh
clerh, 27 years of age weighing 147 pounds (667 kg)
Histary He complatned of panful fect following extended
hikes  After a ten mile hike the patient walked with a limp
and he favored the affected left foot No edema was present
but pain could be chicted by digital pressure over the third
mettarsal shaft  Roentgenography Anteroposterior view re
vérls involvement of the third metatarsal shaft with evidence
of cillus formation of an ymmature hazy type

Ficurr 91  March fracture of the third metatarsal shaft
Right foot Pattent Mail carrier 24 years old and wesghing
165 pounds (75 h¢ ) Huttory Patent tells of acute pan in
the fore part of the right foot for several weeks  He thunks he
mav have twasted 1t during the naght but denies any histony
of inpury  Chintcally the foot 1s tender to touch 1nd deadediy
swollen from the second to the fourth metatarsal <hafts

dorsally Roentgenography ‘The anteropostenior projection
reveals a considerable amount of callus on the medial and
lateral borders of the third metatarsal shaft, right foot The
callus 1s fusiform in shape and the portton on the medul
border of the third metatarsal extends 28 cm along the
shaft from the distal one third to the prosimal one third
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GO Q&

Tigurg 92  Bony defect Third metatarsal head following

bullet wound Observe loss of bone throughout third meta-

tars1l head  Note, too, o small crescentic area of bone above
a sclerotic area

|
2Kt
ﬁ
;

Fictrp 94B
Listit 93 Schemaue drawine Communuted fracture of Dictrr 91 (A 10d BY  (A) Tractured secamgnd {B) Re-
the first metatrsil bone

union of fracture
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- -
B [ ‘
/7 FIGURE 95 Schematic representation of lateral view of
phalanges on a dental flm A Exostosis B Fracture,
C Exostosis (subungual)
ﬁ / -
=

Ficure 96  Fracure of the first and second toes Dustal phalanges  Patient 1s a young man of 23

years woighing 154 pounds (70 hp ) Husory  Pauent reports that he fell while jumping over

a 1ocky ditch  Roersgerogriphy  Anteropostenior and lateral wiews reveal communuted fractures of
the distal phalanges of the first and second toes



1

FRACTURES AND DISLOCATIONS OF BONES OF THE FOOT AND ANKLE 99

FiGure 97 DIracturc of distal phalans of great toc Patient

A man 24 years of age waghing 150 pounds (68 Lkg)

History  Patient 1njured right great toe by dropping a

coupler from a truch upon st Roentgenography Anteropos-

tertor view of great toe reveals a comminuted fracture of the

distal phalanx In spite of severe crushing injury, the frag-
ments are 1n good position

FiGuRr 98A Ficure 98B

d Q
gl(‘l lltrl 1{: (J\hx::d :i) Fracture proxamal phaliny of fifth toe Pauent Boy 3V years old  Hestory  Three days bofore visn
\\; ”c):r «mn \ dn' )xm.; 0;1 1 mu;h \;uh his mather  He shppad and fell to the floor strihing the instep of the richt fout
Mn empted o put shoe on Ins foor but devsted when et <cem y
ed to e pun QFecrtec I ’
T ot thee on fe n pecitte Lanraraacr The hitersl
& ably <wollen with discoloration m th
¢ dorsal area from the huad of the f
to the distal phalanx of the fifth e 1atr ( e e
umt tenderness was noted directly over
the head of the prosainal phalavx of
digit  Reerigeracrapfy (1) Dinear fricture hin ; B
r ¢ 13 usibhle 1ot e anteropost
‘ postenior yview qt distal one third of provirad .
wy oot $fh toe (2) The fatert view demonstrates an tcesuption i the eortex of he rroximal {halanx n;’!‘h: f'm;?:
b IR £
It showe up 1t the antervsupenior rargin ot the head )
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'

FIGURE 99 (A and B)  Fracture of proximal philanx fifth
toe Patient Woman 30 years of age weighing 110 pounds
{50 kg) Huwrory Patent ws walling barefooted from
bedroom to washroom and stubbed the small toe on left foot
FIGURE 99A one week previous to office visit. Before this acadent patient
had very little difficulty with her feet They are frec from
excrescences  Obygective Observations (1) Discoloration of
fifth toe, left foot, from planta to dorsum extending over to
fourth woe  (2) Moderately severe edema over entire proxi-
mal phalanx of fifth toe, {3) Mild depression of four lesser
metatarsals  (4) Shin temperature elevated  (5) Pulses
normal  Roensgenograpby Anteropostersor view reveals 2
complete transverse fracture of the proximal phalanx of the
fifth toe at its distal one third The lateral view corroborates
the chinical observations A slight interruption of the corter
15 eudent at the plantar aspect of the proxamal phalanx of
the fifth toe

.. -

Ticurr 998
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TIGURE 100B

Ticurr 100 (A and B)  Subluxation of nmuddle phalanx
hfth tov  Pauent 15« woman 35 jears old weighing 127
pounds (576 ke ) Hrsrors Patient has been complaiming, of
pan in the left foot at the ball, also of chronic difficulty with
the fifth toe  She states that “she ¢an t tell which hurts more,
the htle toe or the ball of the foor' She cannot find
comfortable <ioes  The outstinding complamt 1s pan, bum
e and tndurncess on the dosum of the fifth toe and ball
of luft toot Phyacal Daararanor (1) Healthy well nour-
sshed indivadual (2) Depresston of mctatarsals and cen-
twction ot toes ecpecnatly hfth toe ledt foot, which precents
v dhiromic heloma s ddemtons, red and tavenish (3) AMald
wesk tont symptome are present (§) Hewy callous forma
noy at el feft foot (%) Pum on palpation <econd meta-
neophidanged jomt, Wt foot Rocrrgerograpbs. Antero-

posterior view reveals hypertrophy of the second metatarsal

shaft The lateral view reveals subjuation of the middle

phalanx fifth toe, left foot appears thickened and wedged
superiorly

Ficurr 101  Subluaation of first and second matuaro-
phalangeal jomts  Tnd result following surgeny for hallux
viltus and bhammer we
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TIGURE 102A

FicURE 102 (A and B) Dislocation of second metatarsal
head Left foot Patient A 15 year old boy weighing 125
pounds (567 kg) History Patient injured left foot 1n a
football game one year previously No roentgenogram was
tahen at the time, but the foot was strapped The acute
pun scemed to subside but for several months the patient
realized that he hmped on the injured foot It 1s panful
and there 15 swelling on the dorsum  Roensgenography An
teropostersor view demonstrates a completely sublusated sec-
ond metatarsal herd  Note comparative film of the opposite
foot reveals a relatively normal second metatarsophalangeal
articulation

T1cURF 102B

Note subluxation of second
metatarsal head
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Beauty of cartiage 1s mamly dependent on the

judicions preservation of the feet.

—JOHN EISENBERG
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Science when well-digested 15 nothmg but good

sense and reason,
—STANISLAUS
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Chapter Five
ASEPTIC NECROSES

Aseptic necroses belong to a group of morbid
processes which can best be understood by plac-
ing them in one classification® that of diseases
arsing from msufficient or impaired blood sup-
ply to the part rather than to invasion of infec-
tious matertal or other factors They have a
common denominator 1n that the bone and car-
tilage are affected

Legg-Perthes’ Disease (Figures 103, 104)

Synonyms+  Aseptic necrosis of the femur,
cona plana, osteochondritis deformans juvenilis

Flatrr 103

This disease, affecting principally the upper
femoral epiphysis, 15 an osteochondritss of the fe-
moral head 1n children, usually 1 boys between
five and ten years of age, in which both frag-
mentation and a flattening of the head take
place It sometimes has a crushed appearance
The affection has been musinter preted as tuber-
culous hip disease As a rule, tuberculosts re-
veals a greater vagueness and haziness with
actual destruction of the jomt The head of the
femur in Perthes’ disease does not show the Joss
of density i contrast to major changes here 1n

C2g-
Lege-Porthts diccrse of hip Articular <pace 1s net atered

107
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Figurr 104 Legg Perthes discase Schematic drawing Ob
scnve both the increased width and fattening of the femoral
head 1n A The articular space 1s rarely altered

Fi6URF 105  Coxa magna  Schematic drawing  Obsene
the cnlarged head and nech of femur on A,

PR - e P

Fievrr 105 Calean=al apophysitg Fiourr 107. Osgoad Schiattes ¢ discrse Scheman Jastif
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tuberculosis The prognosis i Perthes’ disease
1s usually good, since the process terminates
spontancously 1 from two to four years The
restdual effects are an increase in width of the
neck of the femur and a flattening of the head

Thys affliction occurs more frequently 1n boys
than 1n girls and 1s seldom found before four
years of age Only five percent are bilateral
Characteristic signs and symptoms include a
disabling limp, with shortening and restriction
of abductton and mward rotation, and pan
Caffey behieves that the earliest manifestation
of this necrotic episode 15 the involvement of
the neck of the femur.

The articular cartilage and the articular space
of the ip remain patent throughout the course
of the disease Early, the head of the femur
continues to be normal, but the femoral neck
shows areas of destruction Later, the destruc-
tive process extends to the head until this be-
comes smaller, flatter and compressed nto a
narrow band

Coxa Magna

Cova magna (Figure 105) 1s a disease of the
hip that 1s thought to be a sequel to Perthes’
disease  An enlargement or broadening of the
head and neck of the affected femur supervenes
but without the pathological changes of destruc-
tion of Pcrthes’ disease  Caffey believes that 1t
may be related to hip-joint mfection, or' to a
sltpped ¢piphysis of the femur

Osteochondritis of the Tibral Tuberosity

Svuemnanse Apophvsitis of  tibaa. Osgood-
Schlateer s disease

Rocutger Charaetertstics Tarlh—soft tissue
shows gencralized edema with cloudiness sur-
roundmng anteriar portion of the knee

Neeghocsmng Partholog, Occurring 1 the
pertad of growth before the epiphysis 15 com.
pletely osalied the discase slows up the osufi-

FIGURE 109B
FIGURF 109 (A and B)

Calcaneal apophysitis

cation rate in the tibial tuberosity Rarefied
areas along edges of the tibsal tubercle are dis-
cernible, as well as segmenting and fragment-
ing of the tubercle At times extension of a
calcium deposit may be observed reaching ito
the infrapatellar tendon Jomt spaces are nor-
mal or shghtly expanded (Figures 106, 107)
Complete avulsion of the tubercle 15 rare

Roentgen Characteristics  Late—soft tissues
are normal

Neighbormg Pathology The contour of the
tibial tuberosity 1s altered; there 1s fragmenting
of the tubercle itself Separate caluficd areas
are found 1n the infrapatellar tendon Examina-
tion should be made for evidence of glandutar
dysfunction and osteachondritic lcsions 1n fup
or foot.

Hectory In half the patients rrauma s an
important factor, Svinptoms may anse cither
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FIGURE 110A -

Ficure 110C.

FIGURE 110D

Ficure 110B

FIGURE 110 (A, B, C, and D) Calcaneal apophysitis Patient A very actine 9 year old girl weighing 85 pounds (38 6 he)

History* The child complained of pam in the left heel for several weeks The mother noticed that the youngster was »athing

with a peculiar  protected gait  The history was negative as to scarlet fever and rheumatic fever The sedimentation fate Was

normal Roentgenography Roentgenographs were tahen of both feet A May 17, 1947 The lateral view of left foot reveals

a moderate amount of separation, irregulanty and segmentation 1n the calcaneal cpiphysis, with areas of increased density

B Aug 7, 1947 Another roentgenogram was made which reveals a much smoother epiphysis and the srregularty 1s gradually
being replaced by normal hines € Lateral view right foot, normal D Latcral view, nght foot, normal
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immediately after mjury or may come on grad-
ually with mild discomfort and pam for several
weeks Exacerbation of pamn 1s induced by
jamptng, running or chmbing At this state,
severe edema of the infrapatellar area can be
detected.

Occurience: Early and acute symptoms usu-
ally appear m boys between the age of eleven
and 15 years It 1s bilateral m over one-balf
the cases reported

Physical Observations Patients with this af-
fliction are otherwise 1 good health There
may be edema i the mfrapatellar region and
tenderness to pressure over tibal tuberosity

Calcaneal Apophysitis (Figures 108-111)

Definitzon+ Apophysitis of the calcaneus s
an 1nflammatory process of the cap-like epiph-
ysts of the posterior portion of the heel bone
The os calcss 1s unique 1n that 1t 1s the only
bone 1n the tarsus that develops from two osst-
fication centers One center forms the body of
the bone, while the other forms the epiphysts
which eventually becomes the tuberosity of the
calcaneus

Ossthication of the body starts in the sixth
month of intra-uterine life and epiphyseal ossi-
fication does not begin before the age of eight

The fusion-time at which the epiphysis joins
the calcaneus proper 1s variable but 1t ordinarily
occurs between the age of fifteen and 19 years
Inasmuch as rapid alterations of the epiphysts
are phenomena of normal development in chil-
dren ten to 12 years old, it 1s manifest that the
ncidence of apophysits 1s greatest in this age
range Calcaneal apophysitis may affect one
foot, or both feet may show evidence of the
disturbance It 15 believed to be analogous to
the osteochondntis that develops in Legg-
Perthes’ disease of the hip, Osgood-Schlatter's
disease of the tibial tuberosity, and Freiberg's
infraction of the metatarsal heads

Etrology. Investigators are as yet undectded
as to the causes of apophysitis, although we
believe the following several factors are n-
volved

1 Stresses, stramns, and trauma at the mser-

tion of the Achilles tendon

2 Vascular changes 1n the channels of blood

supply to the epiphysts

General infections

4 Glandular affections, especially prtustary
defictencies

5 Age of rapid growth

W

Ficurg 111 Calcaneal apophysitis Schematic drawing

6. Associated weak foot Corroborating evi-
dence that weak foot 1s probably the most
mmportant etiologic factor in calcaneal
apophysitss 1s shown by an alleviation of
the symptoms following correction of the
former

7 Many feet with this epiphyseal involve-
ment are of the pes cavus type

Symptoms- Calcaneal apophysitis produces

pamn at the middle one third of the posterior
aspect of the calcaneus, at the pomt of msertion
of the Achilles tendon The patient limps and
tenderness can be elicited by palpation with the
thumb and forefinger along the sides of the
heel In some chronic cases mild edema may be
noted There may be a history of a fall but ords-
narily the onset s gradual Roentgenographs
taken n the lateral projection will confirm the
diagnosis based on clinical evidence The x-ray
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Fxmuz 112B

FiGUuRE 112 (A and B) Kohlers disease Patient A 4
year old girl weighing 45 pounds (204 kg ) Hisrory* This
child appeared at the office suffering from an acutely painful
nght foot The instep was edematous and painful to touch
from the talus to the internal cuneiform with an area of
acute tenderness directly over the navicular There was no
pain 1n the opposite foot Mother stated that the child had
been limping for over a week walking with a * protected

gait as though favoring localized injury History of snjury

negattve Roentgenograpby Anteropostertor and lateral pro-
jections reveal altered contour of navicular accompanied by
increased density The navicular 1s decreased n size from

front to back presenting a dish like appearance
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picture should demonstrate separation, irregu-
larity, segmentation, or fragmentation of the
calcaneal epiphysis with areas of greater den-
sity, usually bilateral The eptphysts will show
if 1t has developed from one or more centers
The roentgen-ray pictures should be carefully
studied, as ununtted calcaneal epiphyses have
been nterpreted as fracture of the calcaneus

Figure 113 Kohlers discase  Patient 15 2 5 y

It 1s also possible to sustain a cartilage fracture
of the epiphysis  (Figure 66)

Case Histories of Calcaneal Apophysitis

Case 1 A B, a9 year old boy, 5 feet (152
cm ) tall, weighing 125 pounds (567 kg),
gave a history of pamn in the right heel for

o

¥
i

e

Yo~ g
g

car old 1 1
plarmed of pain 1 the rieht faot Fer e 2239 girl weighing 47 pounds (215 Lg) History Child com-

days the foot had been edematous All through
reveal a normal left foot, the right foot demonstra

The mother noticed her walking with a dectded mp  The past fow
the instep Roentgenography

p : tes an antenior-
and roughenming  Kohler belhieves that the diagnostic criterra a

Anteroposterior views of both fect
to-posterior flattening of the navicular with sclerosing
te sclerosis and vagueness of detail of the scaphotd
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almost one year previous to consultation (Oct  pain and tenderness at tip of heel He adnutted
22, 1945) some pain even when not bearing weight Swnce
Subjectzve Symptoms Patient complained of  the counter of the shoe caused further distress,
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FIGURE 114A. FIGURE 114C
Kohler s Discase
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a slit had been cut down the heel portion of the
counter This expedient afforded a measure of
relief

Objectrve Symptoms Interference with nor-
mal heel-to-toe walking caused the boy to step
with an awkward gait even without the benefit
of shoes to shift his weight off the heels It
should be noted that this patient, in considera-
tion of his age, was entirely too heavy, as well
as too tall In such cases the rapid-growth
factor and endocrine disturbances seem to play
an important part 1n producing this local mant-

festation Palpation with thumb and index
finger at the posterior portion of the right heel
brought on acute pain  An assoctated bilateral
pes valgoplanus was also observed

Pathology: Lateral roentgen-ray picture (Fig-
ure 108) revealed segmentation and irregular-
ity of the right calcaneal epiphysis

Case 2 C D, a 10 year old boy, weighing 80
pounds (363 kg) was brought to the office
Jan 9, 1945, because of a noticeable imp Two
weeks previous to this visit, the young boy had
sensed a sharp pain in the heel of right foot

FiIGurRE 114B

FiGure 114D

FiGure 114 (A B, C, and D)

and warm to touch The child was 1rntable and unwilhn
and lateral projections of both feet were taken A Ant
B Latcral view, left foot, showed the navicular as dense

Kohler s disease  Patient 15 a bo
y 7 vears of
Mother noticed child had been limping for over two weehks and that the lef 3

ge and weighs 73 pounds (33 hg) History
t foot at the mstep was considerably swollen, red

g to cooperate with his playmates Roentgenography Anteroposterior
croposterior view, left foot, reveals an abnomally shaped navicular
r, longer and flatter than normal
normal D Lateral view, night foot, normal

C. Anteropostertor view, night foot,
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FIGURE 115

Subjective Symptoms ‘The boy complaned
of tenderness 1n back of right heel He did not
care to run or jump with playmates and ad-
mitted some pain even at rest

Objective Symproms. Mild edema was noted
at postertor and lateral aspects of right heel.
Palpation with thumb and forefinger at poste-
rior portion of heel, with exertion of very muld
pressure from medial to lateral areas, elicited
extreme pain The feet were free from any
excrescences, deformities, or other abnormality
The left foot was asymptomatic

Pathology+ Roentgenograms were made 1n
the oblique and lateral projections and revealed
a fragmented and 1rregular epiphysis of the cal-
caneus, which supported the clinical evidence
of apophysitis  (Figure 109) Notice, too, the
loss of demarcation of the epiphyseal lmne

Concluston - Apophysttis of the calcaneum 1s
peculiar only to young children and in the age
of adolescence It 1s never found after puberty
The etiology 1s bound up 1n two factors

1 Local crculatory changes involving the

eprphysts at a critical growth period

2 Local trauma

Kbhlers disease Schematic drawings (1) Arrow indicates a
narrow, flat navicular which 1s denser than normal This 1s an anteroposterior
view (2) Normal

Osteochondritis of the Navicalar

Also known as Kohler’s disease, this 1s a
fairly infrequent involvement of the navicular
bone of the tarsus attended by local pain

Roentgen Charactersstics The x-ray picture
reveals the osstfication center of the navicular
as a dense, irregular bone wider than normal
and short from its antertor to posterior margins
An mflammatory necrotic area 1s present 1n the
cancellous bone and the marrow 1s replaced by
fibrous tissue We may say that the navicular
undergoes delayed development and appears
disk-ike  (Figures 112-116) Soft tissues re-
veal edema of neighboring areas.

Etiology and History We are dealing with
a somewhat acute process taking place during a
rapid-growth pertod (3 to 8 years of age) Vas-
cular changes, faulty weight distribution as well
as trauma are constdered as causative factors
However, the specific cause of Kohler's discase
is not clearly understood

Occurrence Osteochondritis of the navicular

15 usually seen in the age-range from three to
8 years, more often 1n boys than 1 girls The
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FiGURE 116 XKohler's disease Schematic drawing

incidence increases with the acceleration of ac-
twity characterstic of this age group

Physical Observatzon  The child appears
healthy, the pulse, temperature, and respiration
are normal Local swellings are usually 1n evi-
dence, with tenderness and pamn on movement
of part

Clinical Conise and Prognosis© When the
acute stage subsides, exacerbations of pain may
occur Residual effects may show up in later
life as an altered configuration of the bone

Freiberg’s Infraction (Figures 117-122)

Freiberg originally described an alteration of
the second metatarsal head, known also as
juvenile deforming metatarsophalangeal osteo-
chondntis It 1s characterized by bony degen-
erative changes, thickening of the shaft, and
pain 1 the second and third metatarsophalan-
geal articulation Uncommonly 1t may involve
the fourth metatarsal head as well as the second
and third  Fretberg’s infraction 1s peculiar to
the adolescent persod of growth Both Frei-
berg’s disease and Kohler's disease belong to a
group of lesions known as the osteochondr:-
tides

Victims of this malady are usually young
gurls between ten and 12 years of age

Etrtology The exact cause of this disorder 1s
as yet undetermined, but 1t 1s thought that vas-

cular changes result in aseptic necrosis of the
head of the second metatarsal bone In many
cases a short first metatarsal has been noted
Consequently much of its share as a weight-
bearer and lever in act of propulsion is added
to that normally assumed by the head of the
second metatarsal bone The excessive burden
1s no doubt a factor as a contributing cause A
long second metatarsal unquestionably 1s an
architectural defect permitting undue trauma to
its head because 1t 1s forced not only to bear
more than 1ts load of body weight but to take
on added pressures of leverage without the pro-
tection of “roller-bearing” sesamotds as pivot
points underneath The added demands upon a
structure not budt for these stresses probably
account for the injury to the head and the hy-
pertrophy of the shaft

R

.

FIGURE 117  Freiberg’s infraction Observe flattening of
second metatarsal head
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FIGURE 118 Freibergs infraction Second metatarsal head
Schematic drawing

Some men believe that a definite relationship
exists between osteochondritis and imbalanced
thyroid metabolism Freiberg himself accepted
the “traumatic’ theory He observed its pres-
ence 1n associatton with pronation

Pathology The articular surface of the head
of the second metatarsal bone appears 1rregular
and somewhat flattened 1n the roentgenogram
It 1s not difficult to demonstrate the hypertro-
phied shaft Chronic cases have been reported
in which the second shaft 1s as thick as the first
In later stages there may be also a fragmenta-
tion within the head of the second metatarsal
Sometimes seen 1n the third metatarsal, the in-
fraction may imtiate a secondary arthritis

Symptoms The patient’s normal, inherent
gait 15 altered and he may actually limp from
pain located over the head of the second meta-

.,

:1-. ~
A
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FIGURE 120 Freibergs infraction Third metatarsal head

A

1

FiGURE 119 Freiberg s infraction Schematic drawing show-
ing degrees of osteochondritis (1) Normal (2) Incpient
flattening of metatarsal head (3) Definite flattening of base
of proximal phalanx and head of metatarsal (4) Chronic
osteochondritis with evidence of fragmentation
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tarsal bone. The exammer will detect edema  responding changes affect also the base of
and elicit pamn on flexing the second metatarso- second proximal phalanx

phalangeal jomt Limitation of movement 1s Case History D E, a young woman 20 y
fairly constant Anteroposterior roentgeno- of age, weighing 115 pounds (521 kg) -
graphic views will demonstrate the alterations  seen Oct 15, 1939 Three months before s
in the head of the second metatarsal The head  ing advice the patient had become aware of
of the bone 15 now srregular and perceptibly  derness in the metatarsal region

flattened and there 1s a concomitant thickening Subjectrve Symptoms Pan and tenden
of the entire shaft When the eptphyseal line
can be seen, 1t too presents iregularittes  Cor-

FIGURE 121A  Left foot FIGUre 121B  Raght foot

FIGURE 121 (A and B) OId Fresberg's infraction ‘Third metatarsal head Patient A woman 37 yvears old werghin
pounds (61 hg) History Complaint at time of visit was confined to the great toe of the ]eft) foot In tl:f l:1f
p}::txent had experienced intermittent pain of varying mtensity on dorsum of left foot between the third and fourthptc
the metatarsophalangeal articulation A bony Iipping was palpable on the dorsum of the foot at the third metatarsophala
;(nlu;: A}\cgl;amel histoy for any type of trauma to the left foot Roenrgenography Anteroposterior views of both Iict b4
bm“cenrih::tr:cr;e;c::m: ;1g[;t foot (2) Study of left foot (A) Metatarsus varus prnmus  (B) Wider than normal
e e drm mca and the proximal phalanx of the third toe with joint mouse” 1n interspace  (C) Moc
e }2 zh N td metatarsal shaft with a flateniag of sts head (D) A bridging of bone across the lateral articul
rder of the third metatarsal head with the medial articular proaimal base of the fourth we In pressson Hall ;
Old osteochondrnitis of the third metatarsophalangeal joint of the left foot T
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affected the entire area of the metatarsal heads
of the right foot Patient.explained "It seems
I am walking on the bone of the third toe”
Treading on uneven ground mtenstfied the pain
Examimation indicated that the pamn was local-
1zed between the second and third heads, that
dorsiflexion was tolerable, but plantar flexion
both limited and most painful

Objectrve Symproms A definite thickening
of the third metatarsophalangeal joint could be
felt The soft tissues of the dorsum were edema-
tous and feverish Calluses under the second,

third, and fourth metatarsal heads and ham-
mer-toe deformity of the second toe were fur-
ther noted

Pathology Roentgenograms (Figure 120)
reveal the pathological changes typical of Frei-
berg’s infraction

1 The third metatarsal 1s definitely hyper-

trophied

2 The head of the third metatarsal appears
flat ‘ :
The neck of the bone 1s broadened
4 The joint space 1s wider than normal

W

FIGURE 122A (Left)*

FiGURE 122 (A and B)

Ficure 122B (Right)

Freiberg s infraction  Patient A woman 35 years of age weighing 129 pounds (585 hg) Hus-

tory Pain at second metatarsal head, night foot, for several years on weight bearing only No history of injury Roentgencg

raphy Anteroposterior aspect of night foot shows a loss of convexity 1n second metatarsal head and n base of proxamal

phalanx of second toe. The anteroposterior view, left foot, reveals an osteoma 1n the middle one third of the fourth metatar-
’ sal shaft
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The essence of knowledge 15, having 1, to ap-

ply 1, not bhaving 11, to confess your ignorance

—CONFUCIUS

122



Inflammation of Bones and Joints
Osteitis

Periostitis

Mechanism of Joint Pathology
Relationships of Joints to Body
Classification of Arthritis in Foot
Hypertrophic Arthritis

Atrophic Arthritis

Metabolic Arthritis

Infectious Arthritis

Traumatic Arthritis

Table for Differential Diagnosis of Several Forms of Arthritis

Leprosy

Rickets ‘
Scurvy

Toxicoses

Werner's Syndrome.
Infections of Bone
Osteomyelitis
Syphilis

Variola

Madura Foot
Tuberculosis
Ainhum

Diabetes Melhitus.

Calcinosis

Hypervitaminosis A and Caffey’s Syndrome

CONTENTS OF
CHAPTER SIX

123



The blood animates the ne1vous system and the

nervons system acts :
~NICHOLAS VON SCHILL
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Chapter Szx
INFLAMMATION OF BONES AND JOINTS

In the preceding chapter we deal with inflam-
mation of bone due to impaired blood supply.
Now we shall consider other types of bone
inflammation

Osteit1s

From both gross and roentgenographic stud-
1es, an inflammatory process involving the os-
seous structure s called ostettss, periostitis or
osteomyelitis

Chronic 1njury to a bone results 1n one of two
types of osteitis (a) condensing, (b) rarefy-
ing Mild, persistent, chronic trauma brings
about a laying down of new cortical bone leav-
ing the center of the bone as it was These

TIGURE 123 Ostertis of calcancus

hustory of a fall or related trauma Roentgenography
cevidence of penosteal absorpuon 4t the inferior portio

bone condensations usually occur at the plantar
and posterior aspects of the tuberosity of the
calcaneus (Figure 123) Moderately severe,
acute trauma 1s demonstrated 1n bone by loss
of density thereby rendering it radiolucent to
the roentgen ray The process 1s usually not
visible 1n the roentgenograms for some two
weeks after the initial mnjury Rarefying oste-
itis occurs 1n two forms—the diffuse and the
spotted

The diffuse type 1s most often found in bones
of the extremities following severe infections
in and about the jomts of the feet and hands

The spotted type 1s made up of tiny multiple
rarefied areas, ranging in size from Imm to 1

LT

& =

Patient A man 24 years old waighin
£ 190 pounds (86 kg
History Dull aching pun on bottom of left heel had persisted for over siv weeks Therf: was n)o

Lateral roentgenograms of the left foot reveal
n of the calcaneal tubcrosity A small spur can

be seen at the anterior edee of the tubetosity Irterpretation Osteitis of the calcancus
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Ficure 124 Three varseties of periosteal reaction Parallel type Lacework type Radiating type

¢m 1n dameter, which are spread irregularly
over the surface of the diseased bone The nor-
mal bone pattern remains except in the areas of
wncreased calcification, with the bony matrix
between them later becoming less dense and

finally terminating 1n a generalized decalcifi-
cation

The bony area in the

i R
F1GURE 125  Osteocartilaginous bodies which \:ere pre
sumed to originate from the synovitl membrane since the
sheletal articular surfaces of the knce are smooth and un

broken

{Courteev of Dr H Kelilunn, Suraery, Gunecology and Obatetrice)

quently involved 1n an inflammatory process i
the head of the first metatarsal This form of
ostertts may leave 1n 1ts wake erther an increase
or decrease in the calcum content of 'the bone
Condensing osteitts 1s readily discernible m the

!

- VI

e
X

FIGURE 126 Hypertrophic arthriis (1) Spur at the h::f

of the first metatarsal projecting towards the second me:tﬂﬁrst

sal head (2) Wideming and spurring at the base of the
proximal phalanx
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roentgenogram because of the greater opacity
presented by the hard calcareous deposits and
the resulting osteosclerosis or eburnation On
the other hand, when decalcification occurs, the
metatarsal head appears “honeycombed” and
less dense

Periostitis

Periostitis 1s an inflammatory process involv-
ing the periosteal membrane investing the bone

Etrologic factors may be (1) infectious or
(2) traumatic, or both Among the infections
that may give rise to inflammatory lesions of
the periosteum are syphilis, gomorrhea, and
typhoid fever, or long-continued suppuration

Ficurr 127A—£eft
FIGURF 127 (A and B)

phalangeal joint  Left foot (3) Hallux valgus Both fect
of the fourth and fifth metatarsal shafts Both feet

Hipertrophic arthntis following infection
previous to present examunation and following nfection 1n heloma

some part of the body. Or the periosteal lesion
may have its basts 1n traumatic injuries, as fric-
tion caused by shoes, severe strain, a series of
- muld, unremitting traumatisms, or irritation 1n
the adjacent bone or soft tissue There may be
edema with periosteum raised from the surface
of the bone
Clinical Prcture (a) Acute pain, more severe
at night (b) Suppurative type necrosis or
death of bone (c) In chronic cases, calcaneal
exostosts may develop (d) Bone thickened and
tender to the touch
Roentgen Picture: True periostitis reveals a
depositton of new bone laid down upon an es-
sentially normal cortex. This addition to the
osseous structure has a stratthed appearance

Ficure 127B —Right

(1) Amputation of second toe, left foot, ten jears
(2) Dislocation, postertor and lateral, at third metatarso-

X (4) Area of increased density at head and upper three quarters
(5) Pathological fusion at second metatarsophalangeal jaint  Right foot
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usually with irregular and roughened contour

Comments  Periostitis lays the foundation
of structural change mainly in the shaft When
the course 1s acute, the build-up appears as
many thin layers deposited over the cortex As
the process assumes a more chronic course, the
layers are thick and approach the density of
the normal cortex

Acute cases are assoctated with syphilis
Chronic cases may be complicated by osteomye-
lttis or ostert1s

The inadence of tibial periostitts 15 high,
other osseous structures frequently becoming
subject to periosteal inflammatory changes are
the medial border of the navicular and the pos-

FiGure 128 Hypertrophic acthntis  Obsene lipping at
head of first metatarsal and base of first proxmmal phalanx

terior margin of the calcaneus, and less fre-
quently the lateral or nfertor surfaces

Traumatic Periostitis

Pertostitss of the calcaneus may follow mod-
erately severe injury to the heel There may be
an actual fracture of the calcaneus and at times

Ficure 129B

FIGURE 129 (A and B)  Early hypertrophic arthaitis (1)
A lipping 1s cudent at the posterosuperior margin of the -
nasiculac (2) A small exostosts 1s present over the pavscular
immediately antertor to the lipping first described (3) Short
first metatarsal (4) Atrophy of fourth metatarsal shaft (5)
Hypertrophy of second metatarsal shaft
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the periostitis may exist many weeks after heal-
ing of the fracture In chronic cases the roent-
genogram reveals periosteal thickening A per-
1ostitis of the calcaneus may come about as
the result of (1) acute severe strain or trauma
or (2) muld persistent trauma over a long
pertod of time

Periostitis with Infectious Arthritic Basis

The common clintcal picture 15 one of a low-
grade infectton When the bone 1s attacked
and there 1s a background of infectious arthritss,
the whole periosteun exhibits roughening
which s usually accompanied by the formation
of spurs These exostoses often mahe thetr ap-
pearance etther on the dorsal or on the plantar
surface of the calcaneus

Definite periosteal reaction may be demon-

:}5'
~ a8
& ~

FIGURE 131
34 years of age weighing 135 pounds (61 ke )

compluned of pain on the ball of the right foot for seve
terior and oblique projections reveal a concave cupping
third metataesal head and proximal phalanx of the third t
margin - The present status 1s one of osicoarthitts w hich

FIGURE 130 Hypertrophic arthnitis with irregular lipping
at navicular Patient A man 29 years of age weighing 158
pounds (717 kg ) History Fractured instep sustained ten
years ago following a fall from a ladder The foot remained
m a cast for period of six weehs Doctors tell him he has
‘flat feet” Roenmigenography (1) Partial demineralization
throughout talus and navicular  (2) Talus presents unusual
configuration at its head (3) Irregular sclerosss

VR A P
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Hy pertrophic acthnitis of the third metatarsophalangeal joint Patient A young woman

Hustory Negative for any foot injury, but patient

ral months Roentgenography Anteropos-
of adjacent articular surfaces between the
oc A shight sclerosis earsts at the articular
may be a sequel to an old asteochondritis
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strated n syphilis, rickets and bone malignancy
Many bone tumors actually attract calcium
deposttion near their margins following irrita-
tion

» Three Varieties of Periosteal Reaction (Fig-
nre 124)

1 Parallel type extends along the shaft and
1s usually the end result of trauma or pyogenic
mnfection

2 Lacewoik type Periosteal new-bone for-
mation 1s disposed into a lacy rounded network
This 1s of the group found 1n syphilss

3 Radiwating type Sharp, pomnted spicules
are seen which are perpendicular to the shaft
and project into the soft tissue This 1s the
type which 1s usually malignant, as demon-
strated 1n Ewing's tumor, a form of bone sar-
coma, which enlarges the shaft by prying and
spreading the lamellae apart
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TIGURE 132
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Hypertrophic arthritis of the first metatarsophalangeal joint
years of age weighing 175 pounds (794 kg ) History Patient expenenced discomfort on dorsum of great
toe of night foot for four years It scems to be aggravated by new shoes and inclement weather  There 15 no
history of trauma to the foot or toes Roentgenography An oblique view of the right foot reveals a bridging
of bone dorsally across the first metatarsophalangeal articulation  The evidence here suggests a mimmal 1n-
flammation  The <oft tissuc shows changes 1n the form of swething over the involved joint

MECHANISM OF JOINT PATHOLOG

'

Classification of Joints

All the jomnts of the body, except the fibro-
cartilage between the vertebrae, are made up
of and derived from the mesodermal germ
layer The mesoderm, through condensations,
later differentiates into cartilage and bone The
jomnts develop from whatever embryonic con-
necttve tissue holds the cartilaginous plaques
together

“Synarthrosis 1s a jount with no motton, such
as the sutures of the skull Here the embryonic
tissue blends the two osseous margins together
in a fairly homogeneous uninterrupted pattern
Jomnts formed by the bodies of the vertebral
column, which provide for a slight range of
motion, are i the class of amphiarthroses
(symphysis) An example of syndesmoss, also

LI SR
o

Patient 1s & young woman 29
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in the class of amphuarthroses, 1s the union by
interosseous ligaments as in the inferior tibio-
fibular articulation The third classification em-
braces the joints with wide range of motion,
as the lup jomnt This 15 the draithrodzal ot
freely movable joint

In a drarthrodial joint, there 1s a dviston of
the embryonal units which bind several parts
of the skeleton This division creates a space
Expanston takes place at the extremities which
Jater form into the articular ends The general
pattern and conformation of the articulating
facet, as well as the apposing joint surface, 1n
the final mechanistic analysis will foretell the
latitude of motion that will be allotted to the
spectfic kind of diarthrosss, as well as extent or
nature of deviations resulting from any morbid
morphologic changes 1n such joint

Further classtfication embraces the intermed:-
ate types, such as the ginglymus, a hinge joint,
as seen in the imterphalangeal articulations
movable 1n one plane, frontward and backward
Another 1s the arthrodia of the tarsus (except
the talonavicular articulation), which permits

of ghiding motion of the apposing surfaces up-
on one another

Make-up of a Diarthrodsal Joint

The arttcular cavity 1s hemmed 1n by the
synovial membrane of the joint capsule and by
the cartilage which covers the extremities of the
bones The space or area of the articular cavity
may be inconsiderable or it may be large, de-
pending on the joint Age and disease may alter
the space of the articular cavity.- Kelikian states
that there 1s 1n the normal joint an intra-articu-
lar vacuum and that joints are under negative
pressure If fluid enters a jomnt, the cavity as-
sumes a positive pressure

v The Avticnlar Cartiluge: The cartilage
covering the ends of bones 1s lined with the hya-
line variety of cartilage It presents a smooth

FiGURE 133 Hypertrophic arthritis (1) Loss of joint space
at first metntarsophalanieal jomnt  (2) Spurnng at medsal
artriculating head of first metatarsal

surface and provides for easy gliding move-
ment From trauma, infection or disease, the
cartilage wears down at contact points When
cartilage cells proliferate and bulge, they form
osseous outgrowths or ecchondroses Margmnal
ecchondroses are the most common If osst-
fication 1s complete, they become osteophytes
Loose and free in a joint cavity, they may be
observed tn the lateral aspect roentgenographi-
cally as a group of cartlaginous loose bodtes
(Figure 125)

2 Trabeculae of the Articnlas Ends of Bones

The articular ends of bones are made up of
a cancellous interior and a thin cover of com-
pact bone The cancellous intertor has spaces
which contain marrow and which are surround-
ed by a trabecular pattern of bony scaffolding
The trabeculae present great variations of struc-
tural parts made up of small osseous beams
and rods crossbars and stays, bridging and but-
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tressing, formmg many minute inter-spaces, and
disposed 1n the direction of the “force lines™
The arrangement of the trabeculae therefore
vartes with the stress and strain put upon tt, and
would seem to have special mechanical signifi-
cance 1n the bony structures of the foot which
recetve not only the sum total of the superim-

Left

»

posed body weight 1n standing, but 1 locomo-
tton must serve as intermediary agents between
the dynamic body-thrusts delivered at ever-shift-
ing angles and the mmpact with the resistant
ground 3
The trabeculae themselves are invcste;d with
endosteum just as the bone proper 1s covered

FIT L

e
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Raght

FiGURE 134 (right and left)  Hypertrophic arthritis of first metatarsophalngeal jotnt. Patient A woman aged 51 years weigh
ing 145 pounds (66 kg )  Hustory Pauent had difficulty with painful feet as long as she can remember She wore Ingh heels
1n her early youth  The oniginal complaimt, she recalls began on the dorsum of the foat The right foot, fractured behind the
great toe, about ten years ago, was placed 1n a cast in which it remaned six weehs  Pawmn and disability seemed to be worse after
this expenience  Shortly afterwards very painful excrescences developed under all the metatarsal heads of both feet Roemtgen
ography Anteropostenor projections of both feet reveal Right foot (1) Overall length of first metatarsal 55 cm (2) Peculiar
projection off the first metatacsal base, near s medsal articular margin - (3) Moderately severe subluxation near the thid meta
tarsophalangeal articulation  (4) Osteophytic formation at distal phalanx of great toe  (5) Short first metatarsal  Left fmt,
(1) Hallux valgus with bony hipping and hypertrophy around the first metatarsal head  (2) Hypertrophied second metatarsa
head  (3) Two small ossicles or sesamoid bones near the second metatarsal head
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FIGURE 135A Ficure 135B Oblique view

FiGURE 135 (A and B) Hypertrophic arthriis (1) Generalized hypertrophy of the head of the first metatarsal 1n a valgus posi-
tion (2) Degenerative changes 1n external sesamoid (3) Osteophytic outgrowth of bone from the condylar portion of the base
of the proxtmal phalanx of the second toe (4) Spur 1s evident at upper one third of the first metatarsal shaft 1n the oblique view

(Courtesy Dr Irving M Sward)

FiGLRE 136 Hjpertrophic arthntis (1) Right foot Hypertrophy of the second metatarsal (2) Tlattening and
widening of the sccond metatarsal head  (3) Increased joint space at the second metatarsophalangcal yjoint  (4) Os-
teophyte between the first and second metatarsal bases  (5) Mechanical interfercnce between the lateral aspect of
the head of the second metatarsal and medial condyle of the base of the proximal phalany of the third toc (6;’ Spur
dorsal surface at the bise of the first metatarsal  (7) Left foot Spur, medial aspect of base at the proximal ph‘\li.n:

of the great toe )
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with periosteum on its outer surface The en-
dosteum and bone marrow substance are very
closely blended Marrow contains arteries, veins,
nerves and thin-walled capillaries—the sinu-
soids

The periosteum 1s a dense network of con-

4
4
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FIGURE 137A

necttve tissue and fine elastic fibers It supports,
besides fine nerves and lymphatics, the ramifi-
cation of vessels which nourish and-"hand over”
calctum to the bone to which it 1s adherent It
envelops the entire surface of the bone except
at the cartilaginous extremities Pertosteum
i the young 1s more vascular

FIGURE 137 (A and B)  Hjpertrophic arthritis second meta
tarsophalangeal joint Patient A woman aged 45 years and
weighing 140 pounds (63 5 hg ) History Patient in appar-
ent good health complained of pain in the ball of the sight
foot. This symptom persisted approximately ten years No
shoe seems to be wide enough to afford relief and she
found 1t 1mpossible to walk barefooted or 1n house slippers
She moreover admits tiring eastly on the right foot and leg
Physical Observatsons The first metatarsophalangeal joiat 1s
enlarged 1n all dimensions Any movement entailed in plan-
tar and dorsiflexion of the first and second metatarsophalan
geal joints 1s panful and Iimsted Moderately severe weak
foot symptoms are present Roentgenography Lateral and
anteroposterior views of the right foot reveal (1) Subluxa
tion of first metatarsophalangeal joint (2) Severe displace
ment of sesamords (3) Internal derangement of base of the
pronamal phalanx of the second toe (4) Loss of joint space
at second metatarsophalangeal joint (5) Loose body at pos-
tertor medial angle of proximal phalanx of the second toe
(6) Hypertrophied second metatarsal shaft (7) Metatarsus
sarus primus  (A) Anteroposterior  (B) Lateral

Ficurr 137B
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Inflammation 1s inittated 1n bone marrow in 5 Calcum salts are laid down into the gran-
the cancellous spaces and involves the bone by ulations (which onginate in bone mar-
extenston Bone will die from anemia, etther ow).
from accumulated pus or swelling 6 Ankylosis
Sequence of Events in Joint Pathology 7 Spur formation from connective tissue hy-

1 Eroston of articular cortex perplasia outward to the periosteum

2 Death of articular cartilage

Bones without cartilage touch each other
Adhestons 1n joint are formed by joining
of granulations

S 2]

v

FIGURE 138 (A and B)  Hypertrophic arthntis first metatar-
sophalangeal joint Patient A woman of 43 years weighing
135 pounds (61 kg ) History Complamt of acute pain 1n
the right large toe since 1932 Patient insists she knows the
enact par of shoes that started the difficulties 1n her feet
There 15 a history of surgical intervention 1n this area and
small spurs were removed in February 1945 Since that time
diathermy treatments were instituted with very little relief
At night, she states, the pain 1s unbearable Physscal Observa
trons (1) Well nourished middle-aged woman (2) Bony
projection can be felt over the first metatarsal head (3) Mild
weak foot symptoms are evident (4) Edema over first meta

tarsophalangeal jomt (5) Plantar and dorsifiexion of the first
metatarsophalangeal joint painful and restncted Roensgenog-
raphy Anteroposterior and lateral views of right foot reveat

(1) Spurring on superior surface at head of the first meta-
tarsal  (2) Smaller spur at base of proximal phalanx, great
toe (3) Hazy appearance of first metatarsal head with
punched out areas at lateral border of head (4) Medial ar-
ticular border of head of first metatarsal presents sharp,
pointed spur  (5) Displaced sesamords  (6) Hallux valgus

(A) Anteroposterior (B) Obhique

FIGURE 138A

FiGURE 138B
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Joint Capsule

The joint capsule 1s made up of two linings
the outer, the fibrous capsule, the inner, the
synovial membrane The capsule binds ‘'down
articular ends of bones Lining the articular
portion of the joint capsule 1s the synovial mem-
brane offering the joint an even smooth surface
and moreover producing synovial fluid which
serves as a lubricating agent

Synovial membrane 1s divided into two parts
an inner and an outer The inner 1s compact
and cellular and devoid of vessels, whereas the
outer 1s loose and abundantly vascular

(1) Spurring at head

Hy pertrophic arthritis
(2) Secondary shortening of fourth dignt
(3) Resecuion of fourth metatarstl head
(4) Compensatory hypertrophy  of
third metatarsal shaft

Ficury 139
of first metatarsal
due to resection
following infection

The inner layer is relatively unimportant
disease, but the outer layer plays a major role"
in the spread of inflammation, infection and
disease Through the outer layer and the syno-
vial membrane tissue flutds are transferred into
the joint cavity, paving the way to hydarthrosis
(articular dropsy), synovitis and a prolifera-
trve arthritis

RELATIONSHIPS OF JOINTS
TO THE BODY

Practically every organ in the human body n
one way or another has its influence on the
jomnts  Articular disturbances may have their
ortgin far from the seat of disease The onset
of jaundice has brought the remussion of pan
1 arthralgia  The study of hormones, vitamins,
and the new concepts of nutrition will probably
shed more light on the relation of these factors
to the welfare of the body mn general or 1ts ills
as well as to the integrity of the jomnts or their
disabilities Kelikian states that joints are en-
dowed with a circulatory and nervous mechan-
1sm and a functional relationship to one an-
other

While the articular cartilage itself s not
provided with blood vessels, lymphatics or
nerves, the adjacent parts do have numerous
sensory nerves Nutriment to the cartilage
reaches the substratum by imbibstion through
the matrix  Pacinian corpuscles and other nerve
endings are housed n the interosseous mem-
branes and they transmit sensations of both pain
and pressure changes as proprioceptive im-
pulses The exciting stimulus 1s not mnherent 1n
the pressure mechanism itself but rather 1n the
deformation of tissue 1n and about the com-
pression area

The pacinian corpuscle as a neurohistologic
entity 1s a laminated structure Its layers fit onc
over the other as the layers of an onion  Under
pressure tts Jayers deform and move upon onc
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another in sleeve action, thereby readily setting
up a motwvating factor for response n the form
of suitable muscular contractions, even under
the slightest pressure change

If these sensations are not conducted to the
central nervous system, incoordination of mus-
cle action ensues, since they are thus cut off
from sending the messages to the different lev-
els 1n the spinal cord and brain stem where they
would ordinarily cause disciminating reactions
to be mstituted The afferent impulses initrated
by the proprioceptive mechanism and pacmnian
function, arising from changes in jomnt pres-
sures or pamn areas, and calling for efferent
response, are augmented and integrated by con-
comttant calls emanating from other joints and
from similar mechanisms 1n the perimysium of
the muscles

Pain sensations stmilarly intercepted also fail
to reach those levels whence appropriate pro-
tective responses are expected Thus a single
trauma, as a fracture, or repeated traumatisms
1 an anesthetic area may continue without the
patient’s knowledge or awareness and progress
to the point of joint disability Whatever the
primary factors of injury to the joint may be,

FiGURE 140A

FIGURF 110 (A and B) Degencrative arthnitss second metatarsophalangeal joint Patient A man 28 years
of age weighing 175 pounds (79 4 kg ) History Pan and disability of several years durtion n lcft foot
following a foot njury Inability to walk any great distance  Loss of motion at second metatarsophalangeal
jont  Chinical picture 1s one of pes valgoplanus Roentgenography The oblique vien suggests changc‘s m
the second metatarsal head A supernumerary bone (os peroneus) can be visuilized lso an os trigonum at-
tached to the body of the talus The anteropostertor view shows evidence of an old fracture m\ghm th
second metatarsophalangeal joint of the left foot with arthritec chaages A fragment of bone a 11'cml‘g )
united lies in the medial aspeet of the mttatarsophalangeal joint  (A) Oblique (B) Amcrcf)pr;ﬂtcrm‘r U"
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compression anesthesia would seem to play a Toxins going the way of the blood stream
contubuting role  Such 1s the picture that 15 may damage a jomnt and a purely Jocal jomnt -
present in the Charcot jomts of tabes dorsalis  disease likewise may cause a general bodily -

Jomnt structures recerve their nutriment from  1eaction There 1s a defintte relationship be-
the lymphatic and blood vessels In the work  tween osteoarthritts and arteriosclerosis Work
of Pemberton and Osgood plasma and synovia  has recently been done to substantiate a theory
were demonsfrated to be chemically similar (Continued on page 143)

FiGureE 141  Hypertrophic arthritis with changes at navicular and calcaneus Moderately severe form of

hypertrophic arthnitis 1n the foot A rounded spur 1s evident at the tendo achillis attachment and a pornted

spur can be seen at the inferoplantar margin of the tubetosity of the calcaneus The neck of the talus at 1ts

superior border 1s somewhat roughened The superior border of the navicular appears to have undergone de-
generative changes Os peroneum 1s present

FiGURE 142 Hypertrophic arthriis (1) Spur formation at plantar aspect of calcaneus  (2) Degencras
tise changes are evident at posterosuperior articular margin of the internal cuneaform  (3) Lipping at pos
terosuperior articular margin of the navicalar
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FicURe H700A
Ficure H700 (A, B, C, and D) Hypertrophic arthritis 1n a patient 54 years of age Left foot, lateral view Note small spur
at tendo achillis calcaneal attachment Superior posterior margin of navicular 1s somew hat pointed

Recth Ficurt H700B
1ght foot lateral view Patient compluns of ntermittent pain on dorsum of this foot, and persistent pan at the first and
fifth metatirsophalangeal joints
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Ficure H700C Hypertrophic arthntis

Lcft foot, anteroposterior aspect  The patient 1s a woman 54
years old, apparently in good health  Pulses are normal
Dorsi- and plantar flexion on leg 1s limited She has worn
various tupes of so called corrective shoes, to no avail  Pal
patian of first and fifth mctatarcophalangeal joints of both
feet chiats intense pan and the plantar surfaces 1n thesce areas
bear heavy calluses Note rounded spur at head of first meta
tarsal spurring at base of distal phalanx, great toe, both feet,
and fiattening of head of the first metatarsal left foot Sihver
mitrate casts shadow at nul of great toc  (Patient 15 under
gaing tretment for onychomycoss)

Ficure H700D  Hypertrophic arthotis

Right foot, anteroposterior aspect This foot too has thich
calluses 1n the area of the first and fifth metatarsophalangeal
jorats, and 1n addition there 15 a small soft tissue clevation at
the base of the first metatarsal  Notc that in this vew st ¢

sembles a gangliome cyst The fourth and fifth toes overlap
The sccond, third and fourth metatarsals, as in the left tool,
are too close  Note spurring at bases of distal phalinges both
great toes, and that the head of the first metatarsal here 15
not flattened as 1n the left foot  Outstanding features are the
osscous nvolvements, hypertroptuc arthestic changes, spus

ring, and overlapping toes
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TiGURE HG04A

FIGURE HG04 (A, B, C, and D) Hypertrophic arthritis with artertosclerosis 1n patient 67 years of age A Rught foot,
lateral view

Figure HG04B

Left foot, lateral view  Navicular 1s roughened and the roentgenogram reveals lipping Spurning at tendo achillis attaichment
Calcified dorsalis pedis artery, both feet
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Fiounr H604C  Hypertrophic arthntis

Left foot, anterapostecior view  Patrent complasns of pan 1t

ball of both feet of many years' duration and she states that

feet are always cold, even 1n warm weather Callosities ap

pear at second thied and fourth metatarsal heads, both feet
I nlarged distal phalana

Ficurr HG04D  Hypertrophic arthritis

Right foot anteropostcrsor view  Both fect reveal short

first metatarsals and considerable hypertrophy of the second

The pulse rate 1s slow (60) Har of leg and foot ss scanty

There 15 a <oft corn hetween the first and second toes with
mterdigital maceration



INFLAMMATION OF BONES AND JOINTS

143

(Continued from page 138)

that indtviduals with rheumatord arthritis have
a subnormal peripheral temperature

The several joints of the body have an mter-
dependence on one another and are affected by
changes of general body posture The very act
of walking involves harmomious interplay of
the hip, knee and ankle When. undue loads
of body weight are thrust on joimnts not con-
structed to carry such loads, or at such angles
as to delwver the impact, by direct or referred
pressure, beyond the limits of the articulating
facets, the cartilage 1s unduly traumatized and
the bone sclerosed This 15 demonstrated in
knock knees, bow legs, and pronated feet

Bone 1s not an inert, non-reactive, inorganic
concretion While low 1n metabolism, it 1s a
connective tissue, highly viable, a lively produc-
tion center of red blood cells and granulocytes,
repository and clearing house of calctum for its
own use and to be drawn upon 1n emergencies,
adjacent or distant, such as the need of early
osseous replacement of callus mn fractures and
to wall off cysts and tubercular foct

Jomts are formed of connective tissue ele-
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ments The primary function of connective tis-
sue 15 supportive and 1s therefore mechanical. In
disease, however, when 1t becomes inflamed or
irratated, hyperplasia of the cells follows with
an end result of scar formation Here its func-
tion 1s reactive In tuberculous arthrits, the ar-
ticular cartilage 1s destroyed first at free mar-
gins, but contact areas are not invaded In
pyogenuc arthrits, cartilage 1s destroyed at con-
tact areas Irrstation of the afferent, sensory
segments of the reflex arc may cause muscle
imbalance, dislocations and eventual destruc-
tion of the entire jomnt, which 1s the eventual
outcome 1n the Charcot jomnt of syphulis and
syringomyelia, whereas, changes in the efferent
connecting link of the reflex arc produce joint
lestons as 1 poliomyelitis and hemiplegia

CLASSIFICATION OF
ARTHRITIS OF THE FOOT

1 Hypertrophic arthritis  (osteoarthritss,

degenerattve arthritts)

2 Atrophic arthritis (rheumatmd)
(a) Still’s disease

1

L= R
~ e b o~ s

3 TR R T T Lo

FIGURE 113

Atrophic arthnitis of tarsus
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3 Metabolic arthritts  (gout or podagra)

4. Infectious arthritis  (tuberculous, gonor-
rheal, syphilitic, pyogenic)

5 Traumatic

Hypertrophic Arthrtis (Figures 126 to 142,
also H700 A, B, C, D, H455 A and B, and
H604 A, B, C, D)

This 1s the type usually encountered in mid-
dle age It develops gradually and 1s marked
by bony and cartilaginous hypertrophic changes
Its etiologtc basts 1s believed to be (a) mechani-
cal, as in direct traumatism, (b) vascular
changes around the joint, or (c) the result of
toxic infiltration and contamination The out-
standing characteristic of hypertrophic arthrtss
15 the formation of spurs or exostoses on joint
surfaces In this type of arthritis ankylosis may
supervene The jomnt space may be narrowed,

but 1t 1s not constant Rarely does eftusion into
a jont occur without a history of trauma The
ankle and knee are usually nvolved, although
the smaller jomnts may exhibit stmular patho-
logic changes It seems that this type of jomnt
lesion may be present for years without causing
pain until some traumatic incident occurs and
then extreme pain ensues which persists for an
mordmately long period of time The jomnts
of the foot most commonly affected are shown
in the accompanying table

Figures H700 A, B, C, and D are reproduc-
tions of roentgenograms showing osseous
changes in hypertrophic arthritts in a patient 54
years of age, 1t 1s marked by spurring and by
flattening of the left first metatarsal head Fig-
ures HG04 A, B, C, and D demonstrate osseous
changes tn patient 67 years of age with arterio-
sclerosts

TABLE L

CLASSIFICATION O JOINTS OF FOOT COMMONLY AFTLCTED BY
HYPERTROPHIC ARTHRITIS

JOINT

Ankle
Exostoses common

Talocalcaneal
1s common

Talonavicular

ROENTGEN PICTURE

Loose bodies Loss of joint space

Loss of joint space very vague but spurning

Roughened bony margins with sharp, pointed

CLINICAL PICTUREL

Pain on motion, swelling, muscle spasm

Pain on weight bearing Peroneal muscle
spasm

Sensitive projections on dorsum of foot

spurs on superior margin of navicular

Calcancocubod
ly involved

Tirst  metatarso
phalangcal
(Tigure 153)

margins

Distal phalanges

and fecet

Revenls exostoses but this joint 1s infrequent-

Loss of joint space, cxostoses on articular

Hcberden's nodes, which are bony lippings,
develop at bases of distal phalanges of hands

Pain on weight bearing, outer segment
of foot.

Limatation of motion at first metatarso-
phalangeal joint Dorsiflexton and plan
tar flexion hmited, calluses at base of
great toe, and pamn at dorsum of first
metatarsal head

Range of motion decreased  Some pam
but not constant,
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Ficure H445 (A and B) Hypertrophic arthritis, meta-
tarsus varus primus, subluxation of first metatarsophalangeal
jont  Patient A muddle aged, white woman, five feet 3
inches (160 cm ) tall, 1n seeming good health History She
has complained of pairn at ball of left foot for about ten
years No shoe seems to be wide enough and she finds it
impossible to walk barefooted or 1n house shippers She tires
eastly in night foot and leg, but the chief complant 1s a
burning sensation at ball of left foot Physical Examination

The first metatarsophalangeal joint 15 enlarged 1n all dimen-
sion Plantar and dorsiflexion 1n first and second metatarso-
phalangeal joints 1s limited and elicits pain Weak foot symp-
toms are moderately severe and there 15 mild edema of left
foot over second metatarsal head Area over the first meta-
tarsophalangeal joint 1s red, hot and swollen Roentgenogra-
bhy Note (1) extra cortical bone over head of first meta-
tarsal  (2) Spurning at heads of proxumal and middle pha-
langes of second toes in plantar area (3) Subluxation of
first metatarsophalangeal joint (4) Extreme displacement
of both sesamoids (5) Internal derangement of base of
proximal phalanx of second toe (6) Loss of joint space at
second metatarsophalangeal joint (7) Loose body at poste-
nor medial angle of proximal phalanx, second toe (8) Hy-
pertrophy of second metatarsal shaft (9) Soft tissue edema
over first metatarsophalangeal joint (10) Metatarsus varus

primus

Ficurr H445B  Left foot

4
A

1,

5 L

Ficure H445A  Left foot Anteroposterio

Lateral vicwn

r view
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Rheumatic Fever

In a true rheumatic fever, or acute articular
rheumatism, there 1s only a limuited amount of
roentgen evidence to establish a positive diag-
nosis of the disease Local soft tissue edema
of involved joints appears on the roentgeno-
gram as swelling of water-density There are
usually no osseous changes It 1s believed that
both pseudo-ankylosts and true anhylosts may
follow an especially severe bout of rheumatic
fever but this 1s quite uncommon

Atrophic Arthritis

Atrophic arthritis commonly occurs 1n women
between the ages of twenty-five and 45 years
It starts as an edema around the joint structures
and later the articular cartilage becomes de-
nuded, loss of joint space follows, with marked
atrophy of soft tissue, and finally loss of cal-
aum substance within the bone Spurs do not
form 1n this type of jomnt disease The joints
of the feet are the first to show evidence of this
disorder, and other joints later follow a similar
trend (Figures 143, 144 A, B, C,and D) The
course 1s invariably a chronic one’and terminates
in ankylosis

Stil's disease 1s a type of atrophic or rheuma-
toid polyarthritis found 1n children  The exact
cause of atrophic arthritis has not yet been
clearly established

When 1t occurs carly 1n Iife there 1s usually
flecting pain and edema of erther one or many
jomts with a true ankylosis present The aver-
age age of onset 1s about seven years, but symp-
toms have occurred in children about three
vears of age.

In carly mild cases the alteration s mainly
onc of periarticular edema  However, 1n most
instances ntra-articular symptoms soon become
manifest  There 1s an ncrease of synovial tis-
sue celle hning and fluid  After a time slow

destruction of articular cartilages follows and,
if the process continues, a true ankylosts super-
venes The area of bone directly beneath the
articular cartilage, the subchondral bone, may
undergo pathological change by reason of -
truding hyperplastic synovial-membrane cells
with an end result of bony irregularsties in the
eptphyseal articular surfaces

Roentgen Charactéristics. The eacliest change
seen 1n rheumatord arthritis (Still’s disease) 1s
pentarticular edema of the soft tissues and a
thick articular capsule producing a water-dens-
ity shadow Still later the perarticular soft
tissues become atrophied

Destruction of the articular cartiage, if the
process 1s not checked, may terminate 1 anky-
losis of the mvolved joint An assoctated local
osteoporosts can usually be found adjacent to
the diseased areas With active penarticular
edema the shafts too are mvolved and exhibit
edema due to cortical hyperplasta According
to Caffey, this later development seems to pre-
dominate 1n the tubnlar bones of the hands and
feet

Metabolic Arthritis Gout

Most authorities are agreed that gout 1s 2
general metabolic disease caused by a faulty
purine metabolism  Others have concluded that
abnormal metabolic states in the cartilage itsclf
may have its basts 1n toxic or allergic influences
which permit deposition of urates n the jornts
A few mamntain that the disease 1s not nccessar-
ily due to excessive purine food intake but that
it may be an allergic reaction to non-purtic
foods or to certamn protemns ansing from tis-
sues themselves after injury

However, uric acid 1s the end product of
purine metabolism, 1t 1s formed in part from
purines 1ngested as food and in part from pu-
rines of the body itself Muscular tissue may bea
source, since muscular actrvity 1s followed by a
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FiGURE 144B  Right —Note extremely short first meta-
tarsal, position of sesamoid, and recession of first metatarso-
phalangeal joint from the line formed by the antcrior trans
FIGURE 144A  Left verse mctatarsal  break

FiGURE 144 (A, B, C, and D) Atrophic arthntis of tarsus Patient A woman 51 years of age weighing 160 pounds ("26 g )

History Intermattent attachs of pun through instep and heel of both feet for over five years, with history of rheumatic fever as

a child of seven years No history of venereal discase Patient admts being much more comfortable 1n warm weather and states

the pam 1s exaggerated on cold rany days Very difficult to walk on ball of foot with a normal tread because of pam  Roeni-

genography  Anteropostertor and lateral projections of both fect reveal (1) Ixtremcly short first metatarsal (both feet)

(2) Displaced medial sesamoid (both feet) {3) Calcaneal spur (bilateral)  (4) Irregulanty of the tarsometatarsal articulations
with narronang of the mvolved joint spaces
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nise m blood uric acid as well as 1n the amount
excreted 1n the urine  Body purmes are derived
from breakdown of substances derned from
muscle and glandular tissue In the human
bemng uric acid 1s formed in part from these
body-produced (endogenous) purines and 1n
part from the purines ingested as food (exog-
enous) Purines abound in sweetbreads and
lentils, to a lesser extent n legumes (peas,
beans), and are practically absent 1n eggs,
cheese, milk, gelatin

Not much 1s known as to the process where-
by uric acid 15 destroyed in the adult human
body, the identity of the end products 1s un-

v,

Fiourr 141D Atrephic arthrius Right foot

known, but it has been determined that allan-
tomn 1s not among them It may be of signifi-
cance that allantoic acid 1s found in fetal urmne,
also that 1t 1s secreted by maggots The latter are
employed medically to encourage epithelization
1n wounds and ulcers and in the treatment of
osteomyel1tss

Purine synthesis occurs 1n young animals
Even on exclusive milk diet, in which there 1s
practically no purme, there 1s still secretion of
uric acid or allanton as a part in the construction
of cell nucler It may be of further significance
that in certain animals uric acid 1s converted 1nto
allantoin and carbon diontde, the great advan-

-
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tage of allantoimn lies in the fact that 1t 1s many
times more soluble than 1s uric acid, the source
of tophit or deposition of 1ts crystals n gout
In the study of dogs it has been found that
allantorn 1s produced by them in the liver, but
uric acid production occurs elsewhere i the
body Normally, the dog excretes an extremely
high percentage of allantomn Upon removal
of the liver, uric acid shows up in the blood
and when uric acid 1s 1njected, nearly all of 1t
1s accounted for in the urmnalysis, unchanged
The mechanism which produces the high lev-
el of uric actd 1n the blood 1n gout has not been
clatfied 1t 1s elevated from 3 5 to 4 times that
which obtains normally, while its excretion in
the urine 1s reduced This diminution 1s espe-
cially noticeable immediately preceding an acute
onset of gout The formation of tophi, a char-
acteristic feature of gout, 1s not necessarily due
to uric actd saturation in the blood, for there
are diseases, other than gout, in which there
1s a concomutant high content of uric acid n
the blood but 1n which such concretions do not
take place For this reason, it 1s thought by
some that local abnormal physical or metabolic
changes 1n cartilage, tendons, may tend to en-
courage the formation of topht or deposition
of urates as an allergic reaction This may be
in the form of a vicarious excretion of uric acid
into certain tissues which, added to that ema-
nating from normal source, reaches the satura-
tion point and 1s latd down 1n the cartilages as
crystals of sodium urate Were these over-
amounts somehow converted into allantoin
(which has over 200 times the solubility of uric
actd) crystallization would probably not take
place
A factor that has also been mentioned 1s the
possibility of inherited tendency that would
make the tissues react in spectfic ways and cause
more than usual susceptibility to this disease
Some observers are of the opmion that the

tendency 1s inhertted by males through the
mother as a sex-linked character, as in hemo-
philia

The deposits of sodmuum salt of uric acd
(sodwum urate) are mn the form of crystals, the
topht are generally found in the great toe and
in the fingers The etiology 1s not clear In
some cases 1t 1s associated with chronic plumb-
1ism the presence of which may readily be vers-
fied by roentgenographic study Premonitory
symptoms may include urinary or gastro-intes-
tinal disturbances While some believe the un-
derlying cause to be a pizmary renal derange-
ment 1in which the kidneys are supposed to be
abnormally insensitive to urates specifically,
others have demonstrated that uric acid reten-
tion 1s not due to renal failure as.such but
rather that the high concentration mn gout, even
though often associated, precedes renal damage

Although any number of joints may exhibit
the well-known symptoms, the one most com-
monly affected in gout 1s the first metatarso-
phalangeal joint (podagra) and the mesial
aspect 1s usually the most sensitive It 1s rare
before the age of thirty and by far the greatest
percentage of those afflicted are men (over 90
percent) The incidence seems to be highest
in autumn and n spring

Outstanding subjective symptoms are severe
pain and heat, the patient has a sensitrve, hot,
red and swollen joint

The roentgen picture of the gouty bones pre-
sents punched-out local areas near the joint sur-
faces (Figures 145-148) Ferguson believes the
lesion to be outside the soft tissue shadow.
Spurs may occur, but decalcification 1s rare A
large joint, such as the knee, 15 seldom tnvolved
The common picture, of course, 1s the one in
which the phalanges of the hands and feet show

the characteristic symptoms and pathological
changes

Gout must be differentiated from osteoarth-
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nitss, since spurs have been demonstrated mn

both However, 1n gout the blood uric acd

determination 1s constderably elevated
Sympionis

1

(SN

~N O\ WL

Titns 113 (A anld B) Gouty atthrts Obe
of the praat ne alw a spurnng At the head of the first meatarsal at s medial asticolar margn

Acute, severe pamn in great toe begins
at might, onset usually reported as oc-
curring between 2 and 7a m

The jomnt may be tender for days

Jomnt swells, skin 15 red and area very
tender to the touch

General rise 1 body temperature
Hyperuricemia

Urine scanty and acid

Topht (occur 1 50 percent of cases):
They may appear in and about the
knuckles but have a predilection for the
cartilage of the ear However, Chrsto-
pher and Montoe have reported a case
of ulcerated topht 1n both heels

Trcurr 14%A

Hench's 21 Pomts of “Presumptive Gonut”

It 15 probably gout when acute arthritis
occurs '

1

W N

(B) Obligue

suddenly after relatrvely trivial trauma
(unaccustomed long walk), sight-see-
ing (“exposttion gout”)

after dietary excesses (convention)
within first week after surgical pro-
cedure

after exposure plus dietary cacesses
(hunting trip)

in sprng or fall  (May, however, occur
at any season)

between 2 and 7 a m (May, however,
occur at any hour)

when patient 1s recetving medicinal
provocatives of gout liver extract, vita-

E

Ticvrr 1458

ne the decp punched nut areas at the muddle of the base of the proxymal pialans

(A) Anteropostenut

(e T O Retdbag
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10

11

12

13

14

15

16

17

18

19

min B;, mersalyl (salyrgan), ergota-
mine tartrate (gynergen), dehydro-
chloric acid (decholin), wnsulin (rare-
ly) or 1s on ketogenic regimen

in pattent with leukemia or other
dyscrastas 1n which nucleoproteins are
liberated

in mea (about 95 to 98 percent are
men)

suddenly 1n a man more than 40 years
of age, but may appear in young person
of etther sex

with maximal disability and dramatic
speed, (within a few minutes or hours)
pamn that 1s short lived but unusually
severe '

when great loe 1s acutely, not chron-
1cally, affected, with maximal tender-
ness on mestal aspect (Podagra may
occur late or never in a given case)

in a foot that 1s warm and red or blush
rather than cold and bluish white as in
atrophic arthrtss, and when edema and
later desquamation of the skin are
present

unilaterally and patient presents a cut-
out shoe

as single attack of short duration (1 to
3 weeks) with complete remissions

i the history of a patient with chronic
arthritis who previously had several at-
tacks and complete remisstons, (even
in absence of uricenua and subcutane-
ous or osseous topht, until proved other-
wise)

in patients with olecranon buisitis or
history of 1t

in perpheral joints (Gouty arthritis
rarely, if ever, involves the spine, rarely
the hips and shoulders and then only
after previous attacks of the more per-
ipheral joints )

20 1n patients (acute or chronic) with his-
tory or signs of renal colic (urate stones
or gravel) in nephritis Renal stones,
which themselves cast no roentgeno-
graphic shadow) occur i about 10
percent of gouty patients, but only coin-
cidental in hypertrophic (senescent, de-
generative or osteo-) arthritis

21 1n patients with ulcerating gouty topht
(Rule out gout when ulcerating pert-
articular or para-articular ulcers are
present )

-

Infectious Arthritis

Tuberculous arthritzs 1s the type most fre-
quently found in children and in the adolescent
age group The synovial membrane 1s infected
either from the blood stream or from the neigh-
boring tuberculous bone The dissolution of
articular cartilage 1s slow 1n tuberculosis hence
the joint space appears well preserved Loss of
jomnt space 1s unusual and begins late 1n tuber-
culous arthritis, whereas 1 pyogenic arthrits,
the narrowing of the joint space 1s common
early in the disease Tuberculosis has a tend-
ency to mvade and spread inward from the
margins of a joint, thus circumventing and pre-
serving the apposing cartilaginous surfaces for
some ttme However, the destruction of non-
contact margins 1s believed to be found only
in those cases m which the extension of infec-
tion 1s from the joint to the bone Bone de-
struction usually occurs near the epiphyseal line
Later, when a tuberculous arthritic process 1s
well advanced, the entire joint may be de-
stroyed

Range of motion 1s limited and sensitiveness
to palpation pressure 1s noted 1n the subtalar
or talotibral joints when these have become 1n-
volved 1n the tuberculous process Swelling 1s
usually observed and there may be cold abscess
Jont disability or limping 1s partly due to fav-
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oring because of pamn but also to muscular
spasm or nigidity and to pathological changes
especially in the weight-bearing joint Deform-
ity supervenes upon bone destruction as well
as contractures of the supportive soft structures
around and about the jomnt., Disuse leads to
atrophy of bone and muscle

Gross exammnation must be supplemented
by laboratory tests and differential diagnosis
by investigation as to history, age, trauma, to
rule out osteomyelitis, epiphysitis, tumors and
syphilis Search should be made for other tuber-
cular foci and roentgen examination of the chest
should be routine procedure

Diagnostic procedure should include tuber-
culin skin test Positive finding 1s of greater
diagnostic value than negative report In the
von Pirquet’s cutaneous test, the local inflam-
matory reaction of the skin following inocula-

FIoURE 116A Left

Frcurr 1406 (A and B)

tion with tuberculin 1s more marked i tuber-
culous subjects than in others Mendel's test,
which 1s intracutaneous, 1s made by injecting
mnto the superficial layers of the shin 005 cc
of diluted old tuberculin, the reaction, if post-
tive, 1s one of hyperemia at site of injection
The tuberculin tests render better diagnostic _
estimates 1n dealing with children than with
those 1n the more advanced age groups

The 10entgenogram may reveal

1 Little or no loss of joint space in early

stages
No evidence of new bone growth
Thinning of cortex
Focusof rarefaction in metaphyseal area
Periarticular changes with destruction
of bone and cartilage
6 Destruction of non-contact margun, usu-

ally at eptphyseal line

Wb W o

FiGurr 1468 Right

Gouty arthtites Pawrent A man 43 years of age weighing 115 pounds (66 kg ) Hrstory Inpury to

the ball of the left foot following, falt from a ladder  Pain at first was moderttely severe, later becoming more or less tolerable

Howeser his complamt at examination was confined to the aight foor, preat toc He suffered great pain with some throhbin at

mght  Blood unic 2ad salue 80 my per hundead cubsc contimeters Roentrenngraphy  Antcroposterior prajections of fet se-

seat a pamally subluvated second mesiarsophalangeal ot of the left fout The nght foot ot the arca near the bead of it~

sredial arteulating surface of the proxemal phatanx of the great toe reveals o hasply cut punched out area 3 by 6 mm SugRes

e of gouty arthens The medial aneaubating sudfare of the bace of the distal phalanx of the great toe of the gipht font prevents
a hypertrophic spur which probably lends carroboration to dugnoss of gouty arthnts
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7 Some loss of joint space
8 Diminution of jomnt space with charac-
teristic haziness in the area
9 Destruction of bone and cartilage or
even entire joint
10 Outline of abscess
To establish positive diagnosis of tuberculous
arthntis (1) mstitute tuberclin skin test, (2)
demonstrate presence of tubercle bacillus 1n
synovial fluid, aspirated and examuned micro-
scopically or by guinea-pig moculation test

FiGure 147A Left

FIGuRE 147 (Aand B) Gouty arthritis  Patient A woman
48 years old weighing 195 pounds (885 hg) Histor)
Pain on side of great toe, mght foot, for over one and a
half years An object fell on the night instep about five
YEars previous to present examination Laboratory report
on blood unic acd 7 mg per hundred cubic centimeters
Roentgeno graph, Anteroposterior projections of both feet
feveal (1) Irregularity 1n cortical portion of muddle one
third of the third metatarsal on lateral border, nght foot
(2) Hypertrophy of second metatarsal shaft, both feet
(3) Punched out area that begwns at lateral articular surface
of the first metatarsal of nght foot and extends proximally
to the center of lateral sesamord

Gonoriheal arthis 1s another form of in-
fectious arthritis and 1s most often monarticu-
lar One finds local decalcifications in the dis-
eased joint at junction of the articular surfaces
and costex All the bones involved have a hazy
appearance Decalcification 1s found also 1n the
articular ends of the bone

A concomitant phenomenon frequently noted
in gonorrheal infection 1s the formation of bony
spurs at tendon insertions However, exostoses
often develop here as the result of other factors,
such as trauma or faulty metabolism, creating
a milieu which some believe attracts the gono-
coccus present mn the body as a secondary local
infection In the phalanges periarticular swell-
ing may occur and subluxations are common,
since the cartilagmous make-up of the jomnt un-
dergoes destruction

Syphiitic asthistis (Figure 149) 1s no respec-
ter of age Its influence causes soft tissue to

FiGURE 147B Right
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show up with greater density It may cause
either a mild peniostitis between periosteum
and synovial membrane or 1t may destroy the
articular surfaces of small bones, especially
those of the tarsus Following protracted synov-
itis or periostitts, small round projections (os-
teophytes) form at the articular margins of the
involved bones Syphulis 1s probably the disease
if only one jont 1s attacked and 1t seems to be of
a deformung variety Todd states that clinically
1 Syphilitic arthritis 1s painless
Very little atrophy
In early stages general health does not
seem affected
Not affected by drugs
Chronic character of condition
Bone pain
Bone destruction but little bony regener-
ation
8 Wassermann and Kahn tests should be
made 1n all cases of arthritis
Roentgenographically, syphilis of the joint
can be demonstrated by
1 Definte increase 1n density of ore of the
bones of the involved joint
2 Penosteal proliferation of diseased bone
near the joint
3 Hazy jont surface, loose particles 1n a
joint
4 Punched-out area on articular surface
5 Bone destruction, but little accompanying
bone atrophy

U N

~ O\ b

Charcot’s Joint

Charcot’s jomt 1s a nemo arthropaths, since
it is of nfuctious and neurotrophic orngm and
15 morcover noteworthy because of freedom
from pamn and tenderness even while undergo
ing njury  In this case the state of ancsthesia
and trophic alterations n and around the joint
are traced to spinal cord discase as scen 1n
patients with syringomyelia and tabes dorsalis

FiGURE 148A

FIGURE 148 (A and B) Gouty arthritis Patient House
wife 51 years of age werghing 165 pounds (75 hg) Hu
tory More or less severe pains around the great toe of the
Icft foot for several months Pan 1s exaggerated 1t night
No previous roentgenograms of the feet were taken  Blood
uric actd 6 mg per hundred cubic centimeters Roentgenac
raphy  Anteropostertor and oblique projections of the Iuft
foot demonstrate a vague punched out area at the articular
end of the head of the proximal phalanx of the great tot
A hypertrophic spur 1s present at the medial articular base
of the distal phalans  (A) Anteropostersor  (B) Oblique

Yicurr 1498
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Charcot himself saw this relationship and de-
scribed the assocrated jomnt lesions The arthrop-
athy starts erther at once as a fracture or comes
on msidtously as a result of mechanical detrs-
tion
The integrity of a joint 1s largely determined
by the condition of the muscles As these be-
come hypotonic, the dynamic thrusts of body
weights are forced upon joints dependent upon
ligaments alone as check remns Under stress
thetr articular surfaces shift from normal appo-
sitton with not enough muscular power to re-
turn them to position of safety alignment be-
tween thrusts Each succeeding impact 1n-
flicts unfelt traumatism directly upon the facets
as well as on the rims not intended for weight-
bearing The exposed bone becomes eroded
and eventually the articular edges are chipped
off
Incoordination, awkward movement, and
stamping gait in the ataxic stage, subjects the
joint to severe and repeated traumatic injury,
especially n the weight-bearing cartilage which
15 mechanically destroyed In consequence of
the anesthesta 1n Charcot’s joint, the osseous
structuses are thus ruthlessly used, even to the
extent of fracture
In numerous war injuries seen 1 recent
years, a similar destructive arthritic process has
been demonstrated 1 the absence of any lesions
of the central nervous system In this situation
also there 15 interference with adjustment-re-
Sponse to joint injury ‘There can be no adjusted
fesponse whether the interception of the pain
impulse occurs at its very inception 10 an im-
paired peripheral receptor apparatus or whether
the Interception takes place at a leston n one of
the higher levels
Thus 1t has been known for years that osse-
ous changes in joints go on undisturbed 1n
serious diseases of the central nervous system
resulting in Charcot's joint  Yet the same thing

Anteroposterior view

may happen 1n the absence of such disease, and
for the same fundamental reason lack of ade-
quate response to the needs of the joint struc-
ture The differentiation lies 1n the localization
of the point of interception In “true” Charcot
jomnt, the point of interception 1s remote (spinal
cord), but the “Charcot” jomt of peripheral
nerve injury ts essentially a peripheral neurar-
thiopathy.

In either case, the effector reaction cannot
protect the jomnt There may be swelling and
crepttus, the joint substance may be further
undermined by metabolites or infectious mate-
rial, the retention of which, because of the fail-
ure of neurovascular integration, 1s prolenged
to pomnt of mjury The jomt therefore 1s af-

e Mt em

FIGURE 149A
FIGURE 149 (A and B) Syphilitic arthnitis of the foot

(Courtesy Dr W Pachner)
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fected also by toxins As anesthesia of the bone
and surrounding joint area continues and the
articulation 1s subject to trauma, the incident
termunates i rapid dissolution of the joint
(Figure 150) King's theory 1s that Charcot’s
discase 1s 1n reality one type of osteoarthritss

Neuropathic Arthropathy (Stemdler) Stein-
dler refers to the efforts that have been made to
draw distinctions between benign and malignant
forms of neuropathi¢ arthropathy and, since
these actually represent different stages rather
than different entities, he finds it “more to the
point to distinguish between a hypertrophic, a
proliferating, and a degenerative atrophic
form " In the degenerative form, degenerative
changes prevail, with relaxation and displace-
ment; 1n the hypertrophic form, extra-articular
and intra-articular exostoses, osteophytes, and
osstfication of ligaments and muscles predomi-
nate But these too may be only different phases
and onc may observe

1 proliferation of joint cartilage

2 osstfication of deep layers

5 margmal lipping at contact powts fol-
lowed by.

1 defibrillation of superficial layers

2 eburnation of deep layers

3 destruction and resorption of jomt bod-

1es both intra- and extra-articular
Steindler 1s of the opinton that while the -

trating factor of tabetic arthropathy 1s essential-
ly neurogenic, 1t 1s the injury of traumatisms
sustained by the non-sensttive, unprotcctcd jomnt
which determines the further destructnve influ-
ence and final disintegration of the joint The
pathologic features of neuropathic arthropathy
in general as observed by him are,

1 Cartilage eroston
Chup fractures
Compresston fractures
Flattening and condensatton of the jomnt
bones

W N

Ficirr 1 (OB
Syrhslstse 2ethrsts of the tout

Lateral
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5 Margnal proliferation

6 Exostoses -
7 Par-articular osstfication process 1n liga-

mentous and muscular structures, usu-
ally involves muscles subjected to un-
remitting stresses and strain and takes
place by metaplasia as in myositts ossi-
ficans

More specific observations include
8 Par-articular changes

a exostoses

b extra-articular and interarticular
exudations (which distinguish this
type from the drier form of chron-
ic hypertrophic arthritts)

9 There may be extra-articular free bodies

(typrcal for arthiopathies of the tarsus)

10

11

12

13

14

15

16

Spontaneous fractures (sudden), often
the first sign of tabes
In the foot, they usually occur 1n the cal-
caneus (postertor process), talus, mal-
leols
Flattening and broadening of talus, cal-
caneus, malleols, the most striking
change 1n talotibial joint
Formation of parosteal callus
Anterior, postertor, lateral displace-
ments due to relaxation of soft parts
Extensive changes in region of Cho-
part’s jomnt (mediotarsal articulation)

a communution and jamming

b parosteal callus

c free or loose bodtes, infrequent
Pathologic alteration of structure fol-

are

y ale T
2
I TS g
- < o -

TIGURE 150  Charcot s disease of the ankle (This 1s a bas-rehief obtamed by superimposing a negative on
a positive and photographing 1t )
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lows lines of greatest stress and 1n areas 17 Supervening torsion or malalignment
recerving brunt of thrust, as demon- may assume
strated by a valgus position, usually
a flattening and condensation of b varus position, less frequently
head of calcaneus ¢ forward lateral displacement, m
b flatteming and condensation of some cases
head of talus Pathological Changes
¢ disintegration of Chopart’s joint 1 Severe breakdown of articular cartilage
d disintegration of subtalar joint and bone

FIGURF 151 Pyogenic arthrtis

ot e 152 Traumeuc athohs Hivory of repoated injuncs to hase uf first metatarsal, pritably an old
ntescapsular fratture
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2 Bone destruction
3 Bony proliferation may accompany bone
destruction

Roentgen Diagnosis

1 Marked destruction of bone
Bony proliferation (hypertrophic type)
Loose bodies
No atrophy
Destruction of bone apparent in roent-
genograms 1s not compatible with clin-
1cal picture

Wb WY N

Differential Diagnosts

Charcot’s joint should be differentiated from
osteomyelitis, arthritis, tuberculosts, malignancy
and fracture

Pyogentc or Suppusatrve Asthims (Frgure
151) 1s an acute inflammation of the joint
caused by a staphylococcic, streptococcic or
pneumococcic orgamism  These types of ar-
thritic involvement are most frequently seen 1n
childhood, since the periods of growth have a
maximum amount of blood in joint areas The
more virulent organisms of the streptococcic
Strain are usually the offenders in the first year
of life, infections n about the third year are of
the staphylococcic varety The organism may
gain entrance through a penetrating wound
Or near a joint, but these infections are com-
monly a sequel to some form of bactertemia n
which the blood stream 15 literally “showered”
with forergn invading orgamusms from boils

(fUruncles) and mastord 1nfections

The infection 1s instiated n the synovial
membrane of the joint Then a purulent exu-
date 15 formed Manifestations of acute sup-

Purative arthritis are localized  the involved
joint They are (1) restriction of movement,
(2) edema and (3) pamn and tenderness
hl:hkenizlztsdmost frequently invaded are the
2 mor :oftaltlkle In the ankle joint there 1s
-tissue triangle anterior to the

Achilles tendon that 1s roentgenolucent When
this area appears hazy or cloudy 1n the roentgen-
ray picture, 1t may indicate an abnormal amount
of synovial fluid 1n the ankle jomt In acute
attack the mflammatory process usually con-
verges 1n one jomnt causing soft tissue swelling
and an increase of synovia
The chionic type 1eveals:

1 Destruction of cartilage

2 Decalcification of articular surfaces

3 Small rarefied areas of bone near the

jount surface
4 May finally end in ankylosts

B

Exostoses around great toe area Schematic

FIGURE 153
drawing (A) Exostosss of the head of first metatarsal and

(B) Medial and lateral exostoses
(C) Dorsal enostosis

proximal phalanx

Traumatic Arthritis (Figure 152)

This form of joint disease may occur at any
age It 1s seen m the young child as well as in
old age There 1s usually a history of some 1n-
jury to a structure near a )omt——abrastons and
lacerations which are followed by cellulitis,
bursitts, or tenovaginitis  Severe pain and swell-
ing supervene and the jomnt becomes flooded
with fluid Destruction of the articular carti-
lages and a narrowing of the jomt space are
common  Fractures of the tarsal bones fre-
quently gtve rise to traumatic arthritis and gen-
erally 1t 1s the talonavicular articulation which
becomes the seat of the mflammatory reaction
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Ficure T146A  Lateral aspect Note sharp spur at head of metatarsal

-

+

Figukes T416 (A and B) and T650 (C and D) Trumatic
arthutis  Patient  unmarned, frail white woman 43 years ot
age, nervous and prenccupied, was seen May 12, 1947 She
complamned of pain 1n hoth great toe joints which w1s most
scvere at mght  Higzory Pain has persisted since 1936 and
she attnbutes her trouble to a pair of short shoes  In Febtue
ry 1945 1 number of small spurs had been removed from the
metatarsal heid  Postopesitive treatment with short wave dia
thcrmy had brought no change 1n symptoms  Objerfnre Of-
terznsons (1) Pulses normal (2) Fore part of foot mildly
contracted  (3) Dorsi and plintar fiexion hniited, both feet
Rocpspenography  Spur on supcnor surface of first meta
tarsal head and a smaller one at base of proximal phalanx
supetiorly  Right foot roveals a hazy fiest metatarsal head
with punched out areas at lateral border of head  The modist
articular border of head presents a ponted exostons and
there 15 displacement of the medial sesamod

Tist k1 TH46B  Antcropostenjor aspeet, nght font Tint

metataral head has hag appaarance with punched out acen

at lateral border  Compare angulation of it metatarsst with
that xhonp 1n Dipure 16300
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FIGURE T650C Ficure T650D
Anteroposterior view Both feet

Following surgical intervention (Keller operation, bilateral)
Note (1) Narrower metatarsal head (2) Loss of spurs
(3) Better alignment of first metatarsophalangeal joints
(4) Sesamoids 1n better positton  (5) Mild hypertrophy of
sccond metatarsal shaft (Compare with Figure T446B )
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A
Ficure 154 Common patholomical chantes occurnine
area of great toc joint (A) Spht medial sesamod  {BY Fo
sion of jomt (C) Adhous (D) Tranclucent areas of
gout (T Tlattened metatarsal head
(a
TABLE F
DIF FRONTIAL DIAGNOSIS OF THE SEVCRAL FORMS O ARTHRITIS TOUND IN THE FOOT .
e ; ? ! - i‘ e
b aer ONSET LTIOLOGY OUTSTANDING JOINTS
{
E B CHARACTERISTICS m‘-\—FFrCTITD
Hj per- { Middle Chronic |1 Old age (aging) ‘1 Degenerative changes 1n | Metatarso-
trophuc tand ’ 2 Trauma (chronic) bone and cartilage phalangedl of
old age ! 3 Oserweight 2 Lipping foot, mctacar-
j 4 Taulty posturc 5 Spur formation (exosto | pophalangeal
| 1 5 M fitting shoes s1s) of hand
;\t“r‘o})lnc Women Starts as a No speafic ctiology |1 Loss of jont space
between penitrticular | known  Tactors mnay |2 Some decalcification
25 and 45 |edema be shock fatigue or|3 Decrease 1n cortical bone '
years of focal infection 4 Increase in medullary l
i age t i canal ;
Metabolie | Middle agej Acute gUSually faulty punineil Punched-out arcas at can | Iirst mctatar
(Gout) |Over 907 and metabolism cellous articular surfucm‘soph.ﬂ:mgﬂi
N men subacute ! § 2 Excess blood uric actd or | joint
‘ urtes !
; ; i 5 Tophs |
Infcctions | Chiidhood | Tuberculows, | Baciilus tuberculosss | Spreads from articulir mar- | Metatarsals
Adolescence | insidious gin and
Adult Gonorrheal, | Gonococeus Monarticulhr, bones hazy f phalanges
y  msidious | )
Syphlitic, Treponema pillidum | Synovitis, periostitis and os
msidious (Sprrochacta pallida) teophytic formations
Pyopensc, Staphylococcus, Strep | Jont spce narrows cly
wute gtococcuc, or pncumo ’
| icoccus \ L
1 raumatie | Adolescence | Acate May {Imuncs - [ Buratis PAN ot af
and b~ Laceranon f ‘2 Cellulitss {tarsue expe
culy adelt {over tendon 2 3 Marded edemn foally talo-
lor jamt I Intcccapsular fractures naialys
; ; 5 Camlage deplicements N
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BONE AND JOINT
MANIFESTATIONS IN LEPROSY

History -

The first phase of the history of this age-old
scourge 1s represented by (1) ancient attempts
to combat 1ts extenston by 1solating or otherwise
shunning the victims The first hospital for

thetr care i Islam was built by the Caliph al-
Walid 1n 707 AD The Arabs were the first to
treat them humanely, and Yuhanna ibn Masa-
wayh the first to write comprehensively on
leprosy and 1ts contagion The European lazar
houses of the 13th Century were probably mn-
spired during the Crusades by sumilar institu-

FiGure 155 Leprosy Left foot Type L2-N3, actine 1n

Man aged 40 years Perforating ulcer, phalingeal resorption
in the first and ffth toes Note hooding’ Duration of dis-
ease G years

FIGURE 156 Leprosy Right foot Type L3-N3, active, 1n

woman 40 years of age Fracture due to weakemung by re-

sorption of the first phalany of the second toe, atrophy of

the distal phalanges of the third and fourth toes, metatarso-

phalangeal sublusation at fifth toe, and periostitis of the

ffth metatarsal and first phalanx, caused by perforating
plantar ulcer Duration of disease 22 years

tions in Syria, yet as late as 1313, France or-
dered the victims burned (2) The next phase
and great impetus i the study of leprosy came
at the close of the 19th Century with the dis-
covery of the causative, acid-fast Mycobacter:-
um leprae by Hansen of Norway Because of
the traditional despair assoctated with leprosy
and 1n deference to the patient, some authorities
prefer the term Hansen's disease The present
phase (3) begins with 1943 Sloan of the Ka-
laupapa, Hawanan colony, in discussing “'prom-
in” and other sulfones used in the treatment of
leprosy, refers to this year, with its first fair
success 1n treatment, as the turming point in the
management of Jeprous patients Its stimulat-
ing influence necessitates re-writing treatises on
this subject, modification of compulsory 1sola-
tion 1n agricultural colonies, and makes possible
the treatment of the uninfectious and only
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Tictme 157 Leprosy Type L1 N2, acine, in woman 32
1o old  Teft foot with advanced trophic fesions of the
metatarsals and phalanges, subluxation, collar button,”
duhola  (hour ghiss) ot stick of candy  appearance 1n
cour~¢ o1 bane resotpion Duration of disease 7 years

slightlv mfectious 1 out-patient clinics 1n the
carly and more amenable stages

Incidence and Distribution

Hophins and Faget report the average of
onsct of leprosy to be 30 4 years, twice as many
white 15 Negro (in Loussiana)  They offer no
satistactery evplanation for the almost universal
preponderance of male victims over female nor
for the exception found n regard to the Negro
rice Gehr calls attention to the higher inct-
demee of the discase in males in most colonges,
but think s before we assign a cause st is neces-
sary 10 estibinh the correctness of this phenom-
enon He askse (1) Does this iadence actually
exsst or 1< 1t the result of faulty statsstics and
{2) 1« this phenomenon charactensuc of leprasy
Ao In Tndia and Clina (a) women hesitate
to approrch the phvsicran, wspeaally a foreign
o 1nd (b)Y the hugher madance i males s not

necessarily true only of leprosy but of a numbec
of other infecttous diseases ‘

Brazil, reporting 50,000 cases of the disease
in 1945, has instituted a research program. In
Bolivia, 500 are known, 1,000 unreported, the
number and the seventy are increasing and
there 1s fear of spread to congested areas in the
highlands where nutrition and samitation prob-
lems and crowded living conditions offer serious
hazards

How ever, Schmudt reports that patients with
lepromatous form of leprosy who were trans.
ferred from the hot humid lowlands to higher
altitudes showed indications that the discase
follows a nulder course 1n the rarefied at-
mosphere,

Incidence of leprosy in Massachusetts and
Minnesota has shown the greatest decline in
America It has not entirely faded out 1 Nor-
way where only a dozen cases are reported, 150
lated 1n a hospital 1in Bergen In the Nether-
lands de Brockert anticipates increase of leprosy
with the return of Dutch soldiers from Indo-
nesta  Esguerra-Gomes and Acosta, who made

Finurr 158 Lepriry, Type 11 WS, aonce b woir s b
gears of age Left foar wath multple pr frtanne §hss
vigers ¢ € Jomp, atan g Datsuna (@ dorser Byean
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extenstve roentgen studies of bone changes in
leprosy 1n Bogota, Colombia, encountered over
a thousand cases. A report from Ankara, Tur-
key (Dec 7, 1948) states that its two modern
leprosariums have about 400 patients, all pau-
pers from rural communities, none of means
has been encountered 1n the larger towns and
cities

According to the statistics compiled by Hop-
kins and Faget (1944), the southern states con-
tribute the largest number of cases to the Na-
tional Leprosarmm at Carville, La Most are
from Texas, Lousstana, and New York, some
from California  Fifty-one percent are veterans
of World War I, 10% of World War II A
large majority come from the Philippines, Mex-
1co, British West Indies, China, and Russia
The authors believe that the large number of
pattents of Philippine, Chinese, and Hawauan
ancestry would indicate that leprosy was intro-
duced into California from their country of
origin as well as from Mexico, and that eastern
and southern states were mvaded by way of
Latin America, Cuba, Vugin Islands, and
others Of the foreign-born, 72% are Mexican
The mixed type of leprosy almost equals the
number of lepromatous and neural types com-
bined, there are more lepromatous than neural

Sloan and Metcalfe call attention to the pos-
sibility that numbers of sporadic cases of lepro-
sy may appear in the temperate zones as a result
of mass mugrations of troops and families
through endemic regions during the war period
Metcalfe (1948) thinks a great many young
Americans may repeat on a larger scale the
expertences of the Philippme campaigns of the
Spanish-American war It should be realized
that leprosy which may be unrecognized but
contagious, 1s abundantly present 1n Polynesia,
Chma, the Philsppines, the East Indies, Tha-
land, Burma, India, Arabia, Turkey, Africa

Robinson and Tasker have contributed a sta-

tistical study of 75 cases in Los Angeles and
Obermayer has sounded a warning that the
southwestern states n particular have been ex-
posed to a dangerous type of leprosy (diffuse)
through Mexican laborers While uncommon
and 1n certain stages mnconspicuous, it 1s highly
infectious and offers poor prognosis Reports
from Mexico show that a number of such labor-
ers returning home from the United States have
been identtfied as victims of.diffuse leprosy

Climate 1s of 1mportance, as extremes of heat
and cold accompanied by humidity tend to pro-
duce a severe form of the disease Schmudt has
shown that lepromatous leprosy runs a mulder
course 1n patients after they were taken from
the warm moist lowlands to higher altitudes
The difference lies 1n the biochemical status of
the invading mucro-organism The Mycobac-
terum leprae thrives best in air having high
percentage of oxygen, when this 1s reduced the
bacillus tends to lose its acid-fastness and re-
production 1s practically static

Ineffectiveness, Transmission,
Susceptibility and Immunity

While leprosy 1s a transmissible disease, the
results of animal expertmentation have been
largely negative Failure has attended most put-
poseful attempts to transmit leprosy from in-
fected to healthy persons by noculation There
has been difficulty in recovering the causative
organism from the blood It 1s supposed that
active lepromatous leprosy 1s more likely to be
transmutted than 1s the mnactive tuberculord or
neural lepromatous infection Children with
lowered resistance, probably carred over from
the parents, are considered by some to be more
susceptible than the adult Chiyuto of the
Philippines has contributed data on susceptibil-
ity and transmission of the disease (1950)

Even after treatment, and long after the
clearing up of the clinical lesions, the bacillus
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may stull be found 1n the once mvolved skin
and nerve Autopsies have revealed presence
of Mycobacterum leprae 1in a nerve trunk mn
cases in which the disease had been nactive for
years

Although 1t has been demonstrated that neu-
ral leprosy 1s less infective than the lepromatous
type, Davison warns that this should not be in-
terpreted that the neural type offers no public
health problem (1) Neural leprosy s caused
by Mycobacterium leprae 1n the skin as well as
in the nerves, (2) neural cases of leprosy some-
times discharge the causative micro-organism,
(3) patients with neural leprosy have infected
others, (4) endemic leprosy can become epi-
demic Of 157 patients with neural leprosy
admutted 1n 1940 to the Westfort Institution in
Pretoria, 38 demonstrated posittve smears and
22 of these in turn became lepromatous

In the colony adjomning Balala (Culion),
Lara found that at least 50% of contact chil-
dren of leprous patients showed, at one time or
another before the age of five years, unques-
tionable leprotic lestons some of which disap-
peared spontaneously ‘The colony 1s controlled
on the basis of non-transmission of leprosy
(adult immunity) and transmusston (infantie
susceptibility)  Leprosy as a famuly suscept:-
bility 1s indicated 1n the statsstical figures of
Hophins and Faget of 723 patients seen, 147
had a fanuly history of leprosy

However, there has been report in which
transmisston of leprosy seems to have taken
place in the adult by moculatron  Porritt and
Olsen describe two cases The patient 1n each
case was tattooed while 1n Australia by the
same man on the same day A little over two
years later both had maculo-anesthetic or tuber-
culotd leprosy 1n the tattoos One of the pa-
tients had multiple tattoos on the opposite arm
not made on this occaston, but only the one
which had been tattooed 1n Australia developed

leprotic lesions Wade, referring to these cases,
investigated them further, saw biopsy sections
and found tuberculoid and acid-fast bacills of
leprosy in small numbers He 1s therefore of
the opinion that infecttve inoculation 1s possible
in adult man

In neural cases with less tissue reactivity,
those with flat macules, and eatly cases difficult
to classify, those 1n which patients fail to react
posttively, are held by Wade to be likely to
become lepromatous ‘

T1eatment 1s so closely bound up with diag-
nostic evaluation and 1s playing such a vital
part 1n modern conceptions and further studies
of the disease that 1t will be briefly discussed
here In chemotherapy of leprosy with sulfone
drugs, “prommn,” “diasone,” “promizole” and
“sulfetrone,” objective clinical improvement,
while slow, has been sustained and progressive
and not spontaneous remisstons Laboratory
exammations indicate that the sulfone drugs
are bacteriostatic 1n leprosy and must be con-
stdered optumal treatment in leprosy

Sloan of Kalaupapa on the 1sland of Molokat
reports using “promun’ 1n 106 patients, of these
55 definitely improved Statistical results were
superior to those of all other therapeutic pro-
cedures Of interest in the report from Ankara
1s that treatment with sulfonamide drugs, pent-
cillin, and streptomyan, has been meffective and
that the use of “diasone sodwum” has effected
constderable improvement 1n rather large num-
ber of cases

Johansen and associates developed “proma-
cetin,” a sulfone closely related to "promm"
and the others, and 1s of relatively low toxicity
Adminstered orally, it has antileprotic proper-
ties Chaglassian reports favorable results ob-
tained 1 the only two patients treated with cal-
ciferol

In 1937 two French physicians, Botteau and
Grimes, extracted a new glucoside from an
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umbelliferous plant growing in Madagascar
which, 1n doses near toxic level, gave encour-
aging results mn treatment of leprosy The fol-
lowing year Bontemps, working in the leprosy
laboratory at Antananarivo, discovered a new
glucoside, less toxic He called 1t asiaticoside
Since then Boiteau developed a solution suttable
for injection

Chaulmoogra o1l has been discarded by some
workers, although at the Istanbul and Elazig
leprosariums this agent and methylene blue are
stdl used (1949). Formerly chaulmoogra o1l
was admunsstered orally or by munction, now
chiefly by injection At the Second Pan-Amer:-
can Leprosy Conference (Oct 1946) 1t was de-
<ided to reevaluate the efficacy of chaulmoogra
oil It 1s mnteresting to note the early and re-
markable work of Rogers, a British invests-
gator, founder of the Calcutta school of tropical
medicine and the Carmichael hospital, who 1n
1923 described a defatting action of chaulmoo-
grates and morrhuates on the bacillt of leprosy
and tuberculosts based on estimates of lipase
in the blood before and after treatment

This 15 1n accord with the more recent work
of Bouteau as reported in a preliminary state-
ment issued 1n Madagascar (1946) Boiteau
1s said to have developed a glucoside for in-
jection which 1s supposed to dissolve the wax-
like protective covering of the bacillus, making
the micro-organism vulnerable to the defense
mechanism of the body or to adjuvant drugs
Deprived of the lipoid ivesture 1t becomes
nonactd-fast and more readily absorbable The
treatment results 1n softening and disintegrat-
ing of the nodules with scar formation, per-
forating ulcers heal and there 1s a return of
sensation and improvement 1n muscular tone.
The use of sulfones as prophylaxis 1s still em-
ptric.

In cases of neuritic leprosy with nerves thick-
ened and extremely sensitive, Chowhan and

Chopra have found mnjections of cobra venom
to be beneficial 1n relieving pain  In a few cases
not responding, they added vitamin B: to the
venom which was effective 1n affording allevia-
tion

Leprosy an Orthopedic Problem

A small number of those who served i the
armed forces in foreign countries where leprosy
1s prevalent will become its victtms Some will
show up from tume to time 1n temperate zones
as the result of mass movements of solders and
avilian  population  through endemic areas
Some will present themselves for diagnosts of
some apparently muor foot leston as ring-
worm (for onset 1s painless), for orthopedic
deformity, ankylosis or subluxation Roentgen
examination may reveal enlarged nutrient fora-
men, notching, collar-button or hood formation
of the small phalanges, degenerative changes,
or even the more advanced “icicle” or “candy-
stick” resorption of the metatarsals.

Some will not be diagnosed mn the early
stages, or even in the more advanced ones, be-
cause of ignorance, fear, or failure to recognize
the nature of the malady Leprosy s often so
obscure and gradual in its onset, especially in
the more severe lepromatous form, that the
patient feels no cause for alarm and he makes
no effort to seek diagnostic aid

Aside from the specific demonstration of the
Hansen baaillus, diagnosis of leprosy must in-
clude a wide variety of dermatologic, neuro-
logic, vascular, and roentgenographic study
Hence 1t 1s well to be acquainted with the first
symptoms of leprosy and the initral roentgen
signs as well as those of later development

Typical prodromal signs are rare In a few
cases the history may reveal a nasal congestion
or paresthesia or both In the tuberculoid form
the first indication 1s usually a flat sharply de-
fined macule or a localized anesthesia or both,
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The patches may be depigmented and flat or
depigmented with mild or more marked ery-
thema and infiltrated edges They may appear
on face, scapulas, or on the extremities and
should be tested for reactions to pain, tempera-
ture and touch, nerves should be palpated be-
cause these are frequently enlarged in the af-
fected areas and may be accompanied by loss
of hair and sudoriferous functton and decrease
in thermal perception Fungus infections may
produce similar shin lesions, but these have a
slight desquamation and there are no sensory
disturbances

While the leprématous form of leprosy may
begin with tuberculoid patches, usually the
lestons in this form are erythematous and may
simulate urticaria except that they do not itch
and do not rapidly disappear as in urticaria
They are not as localized as n the tuberculoid
form but are more diffuse over the entire body
and are usually not sharply defined from the
surrounding tissue Nodules, bullae and swell-
ing of the nerves usually appear later The
lepromatous lesions usually do not show sensory
disturbances during the early stages, and the
diagnosts must then depend on the demonstra-
tion of bacill: of leprosy

The diagnosis of leprosy is usually made
from shin smear or dermal biopsy by demon-
strating the acid-fast Mycobacterium leprae
Sometimes smear spectmens are taken from the
nasal mucosa, but it should be noted that the
nose may harbor nonpathogenic actd-fast bacillt
which are not those of lepra

Staining

Staining with nachtblau, the micro-organism
takes on a dark blue color By this method 1t
was possible (1930) to detect 1n thick films of
venous blood of a lepromatous patient (moder-
ately acute stage), besides occasional Hansen's
bacdls, other acid-fast, oval and pear-shaped

bodies resembling the cells of a fungus which
had been 1solated 1n 1912 by Reenstierma from
venous blood of a lepromatous patient 1n a very
acute stage This organism, according to Reen-
stierma s the maternal fungus of Hansen's ba-
cllus  Thus he considers the spindle-shaped
conglomerations of leprosy bacili as nothing
but the differentiated contents of oval fungus
cells which before bursting generally swell

Latency and Incubation Period

Cochrane 1s of the opinion that leprosy
spreads through the skin, that 1t develops from
certain basic lestons, and that since the bacillus
of leprosy 1s a low pathogen, making inroads
mto the human tissue with difficulty, 1t 1s only
when conditions are suitable that definite clins-
cal lesions appear He refers to the latency
rather than the menbatron pertod This was
stressed also by Hoffmann 1n 1928 The micro-
organism has a predilection for cutaneous and
neural tissues and the mitial lesions are usually
in the form of macules

Astertographic studses 1n neural leprosy have
established the fact that the arteries, even 1n
the vicinity of ulceration n leprosy, are not only
adequate as to number but there 1s apparently
no occluston of the lumen Their patency has
been demonstrated by the injection of roentgen-
opaque material into the anterior tibial artery
in case of leprous mutilations and ulcerations
of the foot

Oscillometric studies have been made by
Barnetson to substantiate these findings In
his work 37 adult persons with neural leprosy
were examined Of these 20 were 1 the early
stage and 17 advanced according to roentgeno-
graphic and clinical evidence

Peripheral vessels in neural leprosy are not

impatred Failure of reflex vasodilatation fol-
lows with the course of ncurotrophic bone
changes and anesthesia, apparcatly because of
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destruction of vasomotor fibers in peripheral
nerves by leprosy neuritis Whenever only a
few fibers ate destroyed, response 1s stil ade-
quate As the destructive process continues
there 1s increasing farlure of reflex vasodilata-
tion However, even in advanced cases, where
some fibers have survived, there 1s evidence of
some vascular function, in other instances the
fibers may be the first to succumb with relative
degree of vasomotor failure Neurotrophic
changes of course depend on factors other than
nerve damage, such as secondary infection and
repeated trauma in hyposensitive tissues

Diffuse Infiltration

Obermayer describes a variety of the leprous
type as “diffuse infiltration of the skin all over
the body with recurrent crops of necrotizing
anglectases” (dilatation of the vessels) He
finds that they may appear normal but that
Hansen's bacillus can be found everywhere on
the body and that neural damage can be re-
vealed by the histamine test He further states
that the “complement fixation and precipitation
tests of the blood serum for syphilis will give
biologically false, strongly positive reactions”
He also mentions the loss of eyebrows and
lashes as an objective sign

Lepromin (leprolin) 1s not generally re-
garded as of importance 1n dragnosts but a
positive reaction, as evidence of possible tissue
defense, 1s of prognostic significance

However, a negative test under certain conds-
tions may be of value in excluding a diagnosis
of leprosy as in case of a person having a lesion
with the typical appearance of tuberculord lep-
rosy It confirms results of the classification of
cases of leprosy based on clinical and bacterio-
logical grounds cases of the lepromatous type
are almost always negative and of the tubercu-

loid type positive It thus serves as a criterion
for classification

\
In the experience of Chowhan and Chopra,
the ulnar, peroneal and posterior tibial nerves
are the ones usually involved

Neural Anesthetic Leprosy

Cochrane describes neural anesthetic leprosy,
the most mutilating form, as one of the diseases
which show trophic changes due to nerve n-
volvement and producing local loss of calcum
Blisters or injuries of 1diopathic origin are often
the first lestons noted Because the area 15 1n-
senstble to pamn the pattent 1s often unaware of
such injury Cochrane has noted oteoporosis
without trophic ulceration and cases showing
claw-hand rarefaction of the phalanges, meta-
carpals and metatarsals, and extensive bony ab-
sorption as 1n cases of shortened stumps which
reveal vestiges of finger nails

Not accepting the view that there 1s a spe-
afic primary or mitial lesion of leprosy, Coch-
rane attributes any necrosis of bones to sepsis
resulting from trophic ulceration, and the ulcer-
ation 1n turn to injury or mechanical trauma-
tisms, such as rubbing and pressure of shoes
and stress on the bones of the foot because of
weight-bearing  The phalanges may become
necrosed with subsequent sequestration and ex-
trusion of the necrosed parts through the ulcer

Classification

The necessity can be seen that a suitable
classification and nomenclature be universally
adopted that will distinguish and describe
stages and varettes of leprosy, as each presents
a distinctly charactersstic picture

The two chief classifications of leprosy em-
brace (1) the nerve type “N” and (2) the
lepromatous type “L”, the latter was at onc
time termed the cutaneous variety The L type
shows polyneuritic changes when the disease
1s advanced The lepromatous group embraces
all cases of malignant leprosy of poor body
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reststance and unfavorable prognosts with 1n-
volvement of skin and other organs and becom-
g polyneuntic or neural only in advanced
stages

Li—1st degree lepromatous

L2—moderate lepromatous

L3—advanced lepromatous

N1—1st degree neural

N2-——moderate neural

N3-—advanced neural

The nine mixed types are indicated thus L1-NT1,
L1-N2, L1-N3, L2-N1, L2-N2, L2-N3, L3-N1,
L3-N2, L3-N3

Left foot with healed fracture of fifth metatarsal, trophic le-

sions of phalanges Duration of discase 11 years

(Roentgonoeraphe on leprosy by permission Esguerra Gomez DBone
and Joint levons i Leprosy Radiology Viny 1848)

Decalcification and Rarefaction

In a group of 532 leprous patients studied,
Lsgucrra Gomez and Acosta of Bogota have
called attention to a decreased density and
marhed translucency of the bones of many of
the patients observed

In both the N and L types the trabecular pat-

tern 1s more highly developed at the epiphyses
of the metatarsals and phalanges than in the
normal Also the cortex of the shaft 15 nat-
rowed and the medullary canal wider Calcum
salts are gradually lost and vacuoles form.
Simularly there 15 an enlargement of the nut-
ent foramina and these are sometimes visible
on the x-ray film Murdock and Hutter believe
such enlargement to be the reaction to the ab-
normal blood supply of the leprous patient
The decalafication 1s generally thought to be
caused by inadequate circulation and degenera-
tion of sympathetic fibers and nutrient artersoles
Views regarding faulty calcum metabolism as
the basts of decalctfication are still contradic-
tory
Hypertrophy 3

At times an increase 1n calcification and wid-
ening 1s found usually at the proximal ends of
the phalanges of the hands and feet This
phenomenon Esguerra Gomez calls “hooding”
and believes 1t 1s typical in leprosy, appearng
with or without mutiations (Figures 155-159)
Roentgenographically he observed increased
density of some phalanges and metatarsals with
contrasting rarefaction of other phalanges

Resorption and Atrophy

Bone destruction, dissolution or resorption
1 leprosy follows two patterns (1) simple re-
sorption and (2) the resorption which follows
atrophy Both forms are demonstrated 1n neu-
ral leprosy N2 and N3 and 1 the correspond-
ing muxed types and nvolve the phalanges,
metacarpals, metatarsals and particularly the
distal phalanges Resorption continues with the
increase of neural damage

Stmple resorption 1s revealed roentgenologt-
cally as an ostertss usually found at the tips of
the distal phalanges of the hands and feet At
times the phalanx appears to be cut across
Simple resorption starts with onychia, mflam-
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mation of the natl matrix with suppuration Re-
sorption which follows atrophy causes the shaft
of mvolved bone to thin away, making a
“sucked candy-stick™ appearance (Figure 157)

When the phalanges of the first and second
rows are nvolved, the phalanx narrows in the
middle m hour-glass formation, as the process
continues, the bone finally fractures at this
weakened point, the distal portion 1s resorbed
leaving the proximal end with the hooded ap-
pearance The phalanges of the third row are
deflected and distorted

At first one finds dilatation of the haversian
canals (enlarged nutrient foramina) of the
phalanges, small subchondral cysts at the distal
ends of the metacarpals and metatarsals, sel-
dom primary necrosts or pertosteal decortica-
tion The cysts contain numerous leprosy bacil-
It

Osseous changes consist essentially 1n slow
resorption of the short hollow bones of hands
and feet and progressive shortening and grad-
ual withering away of the phalanges, meta-
carpals and metatarsals

In the hand the process begms with the de-
struction of the ungual process of the distal
phalanx In connection with this the middle
phalanx melts away and then the proximal phal-
anx, but seldom the metacarpal

In the feet the bone lesions usually begin n
the metatarsals with atrophy and dissolution,
resulting 1n “candy-stick” or 1cicle appearance
of the bones, pointed at the distal ends

Factors of mechanical stress and trauma seem
to determine the area of destruction, since the
parts on which the greatest dynamic and static
demands are made are the first to show signs
of atrophic changes and resorption

Thus (1) resorption generally does not ex-
tend beyond the carpus, and 1t 1s the snner por-
tion of the hand where the destructive process
IS most noticeable, (2) 1n the foot, the tarso-

metatarsal articulation forms the barrier of de-
marcation, although there 1s record of cuboid
and calcaneal involvement, and the oxtes bor-
der bears the brunt of traumatic njury Thus
sometimes the tarsal bones are affected and the
distal osseous structures escape In such case,
there may be ulceration of the heel leading to
necrosis of the calcaneus Other bony changes
mn neural (N) leprosy are not spectfic but re-
semble those of Charcot’s joint or lesions of
Raynaud’s gangrene, tabes dorsalss, or syringo-
myelia.

Lestons of trophic origin, loss of sensation,
cutaneous and vascular changes, muscular atro-
phy, contribute to the characteristic mutilations
of hands and feet seen 1n neural leprosy and the
mixed type predominately neural Usually they
are symmetrical but i the feet the damage 1s
more pronounced

Perforating Plantar Ulcer

This 1s a cutaneous, trophic lesion located on
the plantar surface of the foot, almost always
at the first metatarsophalangeal joint, as a sec-
ondary infection it finally causes arthritic
changes resembling osteomyelitss, but since the
epiphyseal areas become involved, the leprous
etiology becomes more feasible Healing oc-
curs usually with ankylosis and with resulting
deformities of the phalanges and metatarsals
(Figure 155)

Fiactures In leprosy fractures are a very
common result of trauma, the bones are unable
to withstand stresses since the process of disso-
lution and atrophy has already weakened the
osseous structures Esguerra Gomez and Acos-
ta have several leprous patients 1n whom frac-
tures have united (Figure 159)

Osstficatrons In a group of 46 healthy chil-
dren of leprous parents and n 12 with the dis-
ease, all under 18 and over 2 years of age,
Esguerra Gomez found no appreciable differ-
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ence 1n appearance of ossification centers as
compared with a group of normal children
studied by his associate, Acosta

RICKETS

Ruckets, or rachitss, 1s an acquired systemic
disease caused by an alteration of calcium me-
tabolism and 1s seen 1n infants from six months
to two years of age (Figures 160, 161)

Etiology Fundamentally rachitis 1s caused
by insufficient vitamin D 1ntake, or loss of pow-
er to use this vitamin Inasmuch as the inci-
dence 1s greater in cities than 1t 1s 1n rural
communities, crowded and unhygtenic living
conditions and lack of sunlight probably pre-
dispose the child to this disorder

Pathology The outstanding point of patho-
logical signuficance 1s a below-normal calafica-
tion, with an increase of bony tissue which 1s
probably a compensatory mechanism Follow-
ing this the bones become more elastic and 1n
this state normal stresses and strains are not
well tolerated, with resultant changes in form
and function Ossification of the epiphyseal
line 1s both altered and delayed, then, too, the
bone marrow 1tself 1s replaced by fibrous con-
nective tissue

Roentgen Studies The pathological bone
changes will show positive proof that we are
dealing with rachitic disease Early there 1s a
wide concave diaphyseal end, with an ill-de-
fined margin A wide epiphyseal line 1s notice-
able The epiphysis 1s very seldom clear-cut
and shows more or less a mottled outline Later
the diaphysis loses its concavity but 1s persist-
ently wide The epiphysis becomes more dis-
tinct The diaphyseal tissue being soft tends
to widen at the margins, so that the tissues
that do ossify are also broad Consequently
the diaphysis shows narrow, sharp osseous lips
at 1ts edges, sometimes called “rachitic lipping ™

“Rachitic bowing” 1s ordinanly present and
shows a thinning of the cortex on the convexity

and a thickening on the concavity Inasmuch
as the disease 1s systemic most of the shafts of
the larger long bones should present positive

|

FIGURE 160 Richets Schematic drawings (A) Rachiic
child, pendulous abdomen, genu valgum, enlargement of
ends of tibia and fibula Due to faulty nutrition, 1t usually
occurs during period of first dentition  (B) Lateral bowing
resulting from subnormal calafication and stress of hody
weight on soft bony structures Bowing may be anterior or
lateral and usually involves the lower third of the tibia
Closure of the fontanels may be delayed (C) Normal
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FIGURE 161 Schematic drawings from  rocntgenograms

of rachitic subject (A) Early state  Vague arcas of ossihcatton

within the epiphysis Fpiphyseal hine 1s widened, wsth bluered

cdges The end of the diaphysis 1s widencd and cupped  (B)

Late stage Fpiphysis 1s more distinct The end of the dia

physts has lost its concasity, but 1s wider than normal The
shaft 1s now bowed and <hows 1 greater density
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FiGUure RG28A  Left foot Anteroposterior view Figure RG28B  Right foot Antcroposterior vView

rbance, mild juxtaposition of four lesser metatarsals Patient
of 9 months, has been pigeon toed, with bow legs (genu va-
f 18 months Orthopedic surgeon was consulted pre-
fied Physical Observations The chuld has
shight varus position of the fore part of the

Ficure R628 (A, B, C, and D) Possible post rachittc distu
white gurl 4 years old  Hustor) Chuld had nickets at the age
rum) since beaning weight on feet Did not nalk unaided until the age 0
v10us to wisit at this office He suggested shoe sedging but the parent Wwas not satis

good color and 1s apparently healthy The pulses are normal and she walks with a
foot, exaggerated 1n the left Shoes are well fitted Roemgeﬂogmpb) There 15 defimte crowding of the four lesser metatarsals

of left foot, with rotation of distal phalanges of third, fourth fifth toes of left foot and the foot s forced lateralwrd There
15 10 rerarded bone deyvelopment and the trabecular pattern ,s normal In the left foot note crow ding of four lesser metatarsals,
rotatton of tlurd, fourth and ffth distal phalanges, anvcular 1s forced lateralw ard
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Lateral aspect

Ficure RG28D  Left foot Lateral aspect
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evidence of the disease Bone formed during
therapy grows more dense and the evidence

may persist as a white “transverse line,” left
over 1n the shaft along the central margin of
the epiphyseal cartilage

Symptoms The earliest symptoms are found
i the nervous system, with 1rritability and rest-

FIGURE 162A

FiGure 162 (A, B and C) Postrachitic deformity Pa-
tent A man 30 years old weighing 185 pounds 84 kg )
History  Dufficulty wath his night foot “as long as he can
femember’  No form of therapeutics had ever been nsti-
tuted for him as a boy He believes he had ‘rachitic rosacy ’
since childhood His complaints at time of examination
were (1) Extremely painful helomata on the dorsum of
all the lesser toes of the night foot (2) An acutely tender
area directly under the cuboid which had been diagnosed as
a plantar verruca previous to present examination Patient
admitted having had three x-tay treatments which afforded
;ery éxttle reief  Objective Observations (1) Plantar and
Oovm lelmon of all the lesser toes extremely limited (2)
‘erzfa pl:cture of foot presented a valgus torsion (3) Se-
) }\;ela foot symptoms (4) Skin temperature elevated
ogmpbu ses A2ormal (6) Macerated skin of foot Roensgen-
1) U‘L teroposterior projection of night foot reveals
Imummun}nlly short first metatarsal  (2) Complete sub-
tons (3)0 middle and distal phalanges of four lesser
) Eoo ?everc atrophy of the fourth metatarsal shaft
ection r:c’ c;ot 15 twisted 1nto valgus attitude Lateral pro-
b cs:ea: (1) Extreme dorsifiexion of all proximal
atsg 8es (2} Partial sublusation of talonavicular articu-

n (A) Anteroposterior (B) Lateral of foot (C)

Lateral of toes

lessness predommant This 1s followed by a
loss of tone in the musculature, and this 1n turn
by the bony changes of rickets, giving tardy
petformance of motion and wmability to stand
and walk at normal average time

A chidd that 1s not walking at fourteen
months should be examined both from an or-
thopedic and pediatric standpoint Knock-knee
(genu valgum), bowleg (genu varum), scolio-
sis and acquired coxa vara are the common
sequelae of rachitic disease

Late Rickets Late, or adolescent, rickets 1s a
condition of the formation of rachitic deformu-
ties 1n late childbood There 1s obviously an
imbalance between the internal make-up of the
bones and the forced stresses put upon them

FIGURE 162B

TiGURE 162C
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For correction and from an orthopedic stand-
pornt, surgery would seem to be the only suc-
cessful method of treatment Figure 161 shows
the early and the late stage Post-rachitic
changes can produce bizarre contractures in the
foot, the most common of which are flexion de-
formities of the phalanges (Figures 162-164)
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FiGure 163 (A, B and C) Richets .

(W hudc fiftnas defevetive pritholups ax clearly demon«trable)

fiGure 163B
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FIGure 163C

FiGuRE 164 Rickets Child 15 314 years old Beginning
of healing process

" SCURVY

Scurvy 1s an acquired deficiency disease due
to dietetic errors, 1t 15 characterized by weak-
ness, anemia, spongy gums, hardening of the
muscles of the legs and alterations 1n the bones

Etiology and Pathology The cause of scurvy
1s a deficiency in the diet of the antiscorbutic
vitamin C The foods having the greatest
amount of vitamin C are citrus fruits and fresh
vegetables The disease may be mild or e
tremely severe, depending on the degree of
food imbalance

The pathologic alterations constitute 2
change of the intercellular clements of the tis-
sues which result 1n subcutancous, submucous
and subpertostcal hemorrhages A secondary
anemia develops because of undernounishment
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If the disease conttnues without treatment, a
bone may undergo pathological fracture which
may be the only clue present

)

Symptoms The age of mcidence of scurvy
in nfants 1s between six and 18 months of age
These babies are irmtable, pale and anemic
There may be tenderness and edema of the
joints and inflammation of the gums with hem-
orthages Other evidences of faulty food intake

FIGURE 165 Scurvy Femur

present themselves in the teeth A scorbutic
baby 1s malnourished, sensitive and resents
being picked up, since the jomts are parmnful
The infant undergoes progressive loss of
weight, the skin 1s thin and wrinkled and the
face 1s haggard with a senile appearance If the
malady progresses pain 1s sensed along the long
bones

Arl’éoentge;z Picture  In well-advanced scurvy
the long bones show a thickening on the convex
side (Figures 165, 166) There may also be a
pulling away of the epiphyses from the shafts
Subperiosteal hemorrhages alter the periosteum
and the blood clots become calcified The cor-
tex may be extremely narrow and a translucent,
decalcthied shaft deficient 1n trabeculae may also
be evident

_« Pathological changes caused by scurvy have
been confused with those of rheumatic fever,
antertor poliomyelitis, malignant bone disease,
acute suppurative arthritis and osteomyelitis

- Chemical determination of vitamin C in the
blood and urine 1s invaluable mn early diagnosts
of scurvy In health ascorbic acid content in
blood serrum 1s 05 to 1 5 milligrams per each
100 cc, while 1n scurvy there are traces up to
0 2 mulligrams per each 100 cc

Scurvy Distal end of tibia and fibula

FIGURE 166
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TOXICOSES

r

** Transverse Lines

Lines running transversely across the ends of
the shafts of bones in chtldhood may be found
in normal as well as in ailing children These
lines usually develop before birth If they ap-
pear after burth, they may be carnied over and
seen 1n the adult skeleton

As a general rule these lines form 1n the same
locale of the same bone The thickest lines
appear 1n the area of most rapid growth and
follow the pattern of the epiphyseal plates
Transverse lines (Figure 167) may be single or
multiple The most distinctly visible, thickest
and widest line will be found closest to the end
of the shaft

It 15 believed that one of the commonest
causes of transverse lines 1n the skeleton of the
fetus are ailments of the mother during preg-
nancy (Harris) Another worker, Sontag, sug-
gests that lines developing immediately after
birth may come from the transfer of maternal
nutrition to the offspring  Harris believes that
these “lines of arrested growth” may follow any
severe 1nterference with metabolism, such as
starvation, acute infection or metabolic disease

Others are of the opinton that transverse lines
are more spectfically the result of a calcium or
phosphorus starvation, or tnability to metabo-
lize these merals, perhaps because of a defi-
ciency of vitamin D, or possibly a hormone
deficiency, such as that of the parathyroid

Exogenous Toxicosis

Among the ostcopathies are (a) the less
well-known hypertrophy of endogenous osigin
and (b) those which result from mtake of toic
metals or metallords which Jeave bony changes  Yicurr 167 Nu‘lrmonal lmcclnr hmlmf :!rznstC:ln?hL S ::11:::
or metal depositions that can readily be sdentr- 3 4 years old The ":;‘;‘;?fh;":;:“ i
fied roentgenographically  They may be accom-
panicd by periostitis or endostettss, by osseous
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sclerosis or rarefaction, unequal or excesstve
laying down of calcareous deposits, or by in-
filtration of the spongiosa with heavy metals in-
gested in large dosage as part of prolonged medi-
cation needed 1n the treatment of some other
disease, or otherwise ingested orally These
toxicoses 1nclude plumbtsm, phosphorosis,
fluorosis, bismuthosis and strontium poisoning

Endogenous Toxicosts

Hypertiophic Pulmonaty Osteoarthropathy.
Some writers classify osteopathica hypertroph-
1cans toxica under endogenous toxicoses It may
appear 1n the course of pulmonary or cardiac

- >y - y

disease and usually occurs mn youth and early
adult life There may or may not be pamn or
arthritic disturbance

Roentgenographic examunation of the extrem-
tties shows symmetrical thickening of the long
and short bones due to the addition of perto-
steal bone to the cortex, the terminal phalanges
are enlarged and the tips of the fingers and toes,
undergoing heavy thickening, are stubby The
nails take on a prominent, broad convex curva-
ture The thumb and other joints may be hyper-
extended Since both bones and joints are
usually 1nvolved, the disease may better be
called hypertrophic pulmonary osteoarthrop-

L ;¥ 8 <

FIGuRE 168 1Lend posoning  Note thick bands at junction of shaft and epiphvsis  Thychness of band depends on amount of
fead 1ngested
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athy. It 1s believed to be due to disease of the
lungs in which toxic products are absorbed from
the diseased areas (See discussion of Marte-
Bamberger disease under heading of Tumors)

Plumbism

Plumbism* Lead Lines (Figure 168) Chronic
lead intahe mn the child may lead to thickening
of the spongiosa of the shaft of the long bones
The roentgenogram clearly reveals lead lines
and lead bands These, according to Phe-
muster and Brunschwig, are osteosclerotic disks
which form on the diaphyseal plates adjacent to
the metaphysts, while these may be impregnated
with vanng amounts of lead, histologic exam-
ination would seem to support their contention
that the density of the roentgen lines 1s due 1n
greater part to calcification of cartilage and
bone Others (Vogt, Aub) believe that 1t 1s the
roentgenopaque lead deposits which lends the
greater amount of density to the lines demon-
strated 1 the roentgen film Caffey reposts a
case of lead posoning assoctated with active
rachitts in which the lead Iines are absent

As the growth of the long bone advances, the
lead gravitates towards the distal metaphysis,
scttling and remaining there, even after inges-
tion of lead has been discontinued or 1ts source
removed Usually the metal is deposited in the
cartilage  The lines are relatwvely thin when
the lead absorption has been somewhat tran-
sient, prolonged absorption produces a wider
line or band

The lead lines have a definitely different an-
atomical distrbution 1n the substratum than do
the sclerotic Iines of phosphorus origin which
constitutes a thickening of the spongiosa rather
than the dense appeanng areas marhed by the
metal depostts  The diagnosts of lead poisoning
must be confirmed by further imv estigation, clin-
1cally as well as by evidence of history While
lead tosicosts may occur at any age, 1t 1s only

in the growing stages that the presence of lead
n the skeletal system causes any appreciable
alterations 1n the osseous structure,

Children have been known to ingest small
amounts of lead from toys or furniture, over an
extended pertod of time This systemic absorp-
tion of lead, known as mnfantile plumbism,
causes heavy, thick transverse lines at the ends
of the shafts These “lead lines” appear on the
roentgen film to be very much like normal
growth Iines except that lead lines cast a much
thicker “shadow” line The actual lesion 1s a
thick, tightly-packed, spongy bone formatton on
the under cartilagmnous surface, later to be 1m-
bedded in the diaphysis

In chronic plumbism in the adult patient,
small amounts of lead may be stored 1n the bone
marrow and i cancellous borfe, but generally
it 1s rather evenly diffused and if there 1s any
osteosclerosts or osteoporosis these never reach
the stage demonstrable by roentgen or histologic
examimnation It thus rarely leads to osteoscler-
osts of the spongy scaffolding of the bone

Sonrces of Lead Toaicosts Among the
sources of lead in plumbism are toys, lead paint,
medication, cosmetic preparation containing
lead compound, also bullets, buchshot and shell
fragments imbedded 1n the tissues Particles of
these 1n time absorb (demonstrable by roentgen-
ogram) to the blood stream to be finally
lodged 1n those parts of the bone or cartilage
where the circulating blood 1s powerless to dis-
lodge or carry the heavy substance any farther

Bismuth Lines

Roentgenographically, lead Iines and bismuth
lines ate similar 1n appearance. Bismuth lmes
can be found in children who are undergoing
bismuth therapy for syphilis

The effect on the developing bone is simifar
to that of lead even to the deposition and set-
thing of the metal 1 the lower portions of the
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metaphyses Each course of treatment 1s repre-
sented by corresponding transverse metaphyseal
line Similar osseous changes are seen 1n new-
born mfant or child with congenital syphilis
whose mother had been treated with antisyphilis
bismuth preparations during its gestation

Phosphorus Lines

Chronic absorption of metallic phosphorus
produces 2 wide line at the cartilage-shaft junc-
tion It occurs mainly 1n children with rickets
or tuberculosis undergomng cod liver o1l therapy
with phosphorus added

Gottesleben describes the case of a young
child who had recewved phosphorated cod liver
ol regularly during 4 winter seasons Roent-
genograms clearly outline a corresponding
number of concentric calcium rings, sharply des
lineated especially 1n the lateral aspect of the
developing calcaneus, talus, and mudtarsal
bones From this view, they give the appearance
of superimposed lamnations, the smaller upon
the larger, the edges of which form lmes of
greater density differentiating the areas of nor-
mal growth from those of accelerated growth
Not unlitke the annual rings of a tree, they
record the evidence of the rate, extent and dura-
tion of accretion

Small doses of phosphorus stimulate the
osteoblasts, especially 1n the enchondral struc-
tures and to a lesser extent 1n the periosteal and
endosteal areas The longer the period of phos-
phorus medication or overdosage the broader
will be the zone of sclerosis of the substantia
spongiosa of the bone (spongtosclerosts) the
wider the lines of the rings

In the case described by Gottesleben, the
lines of demarcation were caused by alternating
normal development of the spongiosa in sum-
mer (during period of abstinence) and the

abnormal eburnation m winter (during course
of phosphorus over-medication)  The result

shows n the roentgenogram as characteristic
light plaque-like areas, representing the normal
osstfication-rate, encircled by sclerotic rings,
representing the period of acceleration

The rings or lines have the appearance of
normal growth lines except that they are more
pronounced and occur throughout the bone
while normal growth lines are usually confined
to the metaphysis

Fluorosis

Fluososts. Fluorme increases the hardness
and density of the bone and causes a mottling
of the teeth which lose the translucency of their
enamel and appear chalky white There 1s osse-
ous proliferation and if the fluorne poisoning
occurs durng period of growth, the cortex s
thichened and there may be irregular periosteal
bone with excrescences The permanent teeth
of children 1n communities where drinking
water contains excessive amounts of fluorine
tend to erupt with the chalky appearance They
are more brittle than normal and later become
pitted and stained yellow, brown or almost
black

Ingestion of fluorine m persons of mature
age leads to sclerosts of the spongiosa and
perostitis and endosteitis The osteosclerosss of
fluorine ntoxication, while there 1s some loss of
elasticity, in general causes no disability unless
it becomes so extensive as to bring about stiff-
ness of the jomnts with possible anemia and
rheumatic-like pain  The knees, elbows, verte-
bral column are the usual areas involved

The fluorine takes up permanent residence, is
insoluble, and cannot be dispersed by resorp-
tion The extremely dense reactive osteoscler-
osts, and not the fluorine itself, is thought by
some investigators to account largely for the

high degree of opacity seen on roentgen exam-
inatton

The source of fluorine toxicosss include cryo-
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lite (which contains fluorine), phosphate rock,
mnsecticides, and drnking water Workers
ceramics are subject to fluorine intoxication
Roholm describes the case of a young girl with
mottled dental enamel of fluorosts whose
mother had worked with cryolite

Werner’s Syndrome

The roentgenologist today must be well
versed in the roentgenographic appearance of
changes resultng from metabolic diseases as
well as systemic alterations which affect the os-
seous structure In orthopedics skeletal changes
accompany general body conditions, and pa-
tients with orthopedic difficulties have symptoms
of systemic disease, making the symptoms of an
orthopedic lesion seem of little consequence
Such a case 1s reported in literature by Pome-
ranz 1n his study of a patient with Werner's
syndrome

Case Report. A single woman, 35 years of
age, weighing 77 pounds (349 kg ), seen on
June 5, 1947, complamned of a chronic ulcer on
the left foot History revealed that father and
mother were diabetic and that, besides the usual
childhood diseases, the patient had had polio-
myelitis at the age of 9 months She walked at
the age of 3, but the right foot was everted
At 18, calluses made theie appearance and she
wore *health” shoes At 24, she had difficulty
with vision which was diagnosed as cataract
A transient glycosurta was noted a few weeks
prior to consultation Menstruation was ex-
tremely irregular, with cessations for months at
atime 71he patient moreover gave a history of
severe right temporal headaches

Tive months before adnussion to Pomeran?’
clinte an ulcer had formed on the left heel and
shortly thereafter another appcared over the
latcral malleolus Tt was for thus latter involve-
ment that treatment was sought

Physreal Lxammation  The patient was a

thin, poorly developed woman who appeared
much older than her 35 years There was very
little subcutaneous fat The extremities were
thin, the abdomen pendulous but the chest was
well developed The head was small and tr-
angular, the nose beaked, and the face had a
bird-like appearance The patient wore a wig
to conceal her gray hair

Objective symptoms and observations 1n-
cluded

1 Extreme atrophy of muscles of lower ex-

tremities

2 Absence of motion 1n talocrural and other
jomnts of feet
Feet locked 1n equinovarus attitude
4 Large ulcer pust above the lateral malle-

olus of the left foot (Figure 169)
5 No scleroderma

(W3]

Roentgenographic exammation revealed

Tibial bones with marhed osteoporosts
Narrowing of cortex

Widening of medullary cavity

Absence of transverse trabeculation

All vessels of the estremitics snvolved m
advanced calctfication

6 Heavy calafication in soft tissues, in bur-
sae and 1n tendinous nsertions of ankles
and feet

Wb W N

Tieurt 169 Ulewr over lateral mallealus
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7 Fme thinning of costex especially at fifth
metatarsal near its head (Figure 170)

8 The lateral view of the skull gave the real
clue to the correct diagnosis
a Sella turcica—small
b Advanced hyperostosts frontalis interna
¢ Teeth excellent
d Discrepancy between skeletal and den-

tal age

INFECTIONS OF BONE
Normal bones are regular and smooth i out-
line Both the cortex and the cancellous parts
are of an even make-up Cortical bone 1s thick-
est near the center of the shaft of long bones,
fading to a thin line at the jomnt cartilage

FiGure 170
The ongmal roentgenograms showed extreme calcifications

Lateral view of foot revealing osteoporosts
the vessels Werners svndrome

(Courtesy Dr M Pomeranz, Radwlogy, Oct 1948)

Disease of bone 1s demonstrated by a/eia-
tions 1 size and density The size of bone 1s
mcereased 1n syphulis, tumors, osteomyelitis, bone
Cysts and Paget’s disease Bones are decieased
In size in paralysis, anomalies and trophic dis-
ease

A decrease i density or an increase mn radi-
ability follows infecttons, surgical interventions,
¢ysts and tumors

Increase in density usually 1s a sequel to syph-

ths, Paget's disease, osteosclerosts and osteomye-
litis

In any study of bone pathology, 1t 1s essential
to consider

I Age of patient

2 Onset and history
3. Cortical or medullary imnvolvement

4 Whether epiphysts and joint show
changes similar to those of shaft

5 *Whether disease shows decrease or 1n-
crease of bony substance

Osteomyelitis, Acute Form

The acute form of osteomyelitss 1s a destruc-
(ve process which attacks bone, 1ts marrow and
the periosteum with pus-producing bacterta
From a roentgenographic and macroscopic ex-
amination bone inflammation 1s generally an
osteitss, a pertostitis or an osteomyelitis Luck,
however, maintams that the microscopic pic-
ture 1s not compatible with such a division, since
a purely localized inflammation of such infec-
tion 1s uncommon and he holds that all the
skeletal parts may be more or less involved

Etology Tt 1s believed that over 90% of the
cases of acute osteomyelitis are caused by the
Staphylococcus vartety of bacteria  The remain-
ing 10% are divided between Streptococcus,
gonococcus, Coccrdiordes immitis, pneumococcus
(pneumobacillus of Friedlander), and the colon
or typhotd bacillus  Altemerer and Helmsworth
studied 34 cases of acute hematogenous osteo-
myelitis, of these 25 were male and 9 were
female, 1t 1s a disease of early youth The au-
thors found

Hemolytic Staphylococcus aureus respon-
sible agent 1n 29 cases

Nonhemolytic Staphylococcus  albus re-
sponsible agent 1n 2 cases
Streptococcus  hemolyticus
agent 1n 1 case
Pneumococcus type III reponsible agent
in 1 case

responsible
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Undetermined responsible agent in 1 case
In 6 cases they found nonhemolytic Streptococ-
cus 1n the pus assocrated with the hemolytic
Staphylococcus aureus
. The primary focus may be a distant infection
while trauma offers the site for secondary foct
The primary source may be a known clinical
leston or it may be an otherwise asymptomatic
process Thus Pohl in his work on infections of
the hand finds that osteomyelitis 1s seldom a
primary lesion of trauma but rather secondary
through incursion from a neighboring infection
as tendovaginitss following paronychia or bony
panarttium of the finger or articular panaritium

As a rule the shaft of the actively growing
bone 1s involved, especially in parts of greatest
activity and most likely to be subject to trau-
matic wnjury, cither direct contusion or partial
tearing of ligaments from their mooring 1n the
region of the joint, with injury to the adjacent
metaphysts The proximal ends of the tibia,
fibula and femur are often the site of such trau-
ma and subsequent conflagration Of the tarsal
bones, 1t 1s usually the calcaneus with 1ts sharply
defined epiphysts postertorly, or the talus with
its lesser epiphysts, or the navicular, the meta-
tarsals or metacarpals, and phalanges The
disease may also occur n an amputation stump

The usual history begins with local trauma
near the talocrural jomnt a short intertm of himp-
ing is soon followed by moderation of any dis-
comfort, pan or disability occastoned by the
jury atself until two or three days have elapsed
and the characteristic symptoms of acute ost-
comychtis begin to appear.

The causative organisms have a predilection
for and reach the metaphyses by way of the nu-
trient arteries  The attraction lies partly 1n the
anatomical structure of the vascular system of
the metaphysis which offers a place of accumu-
lation, since the blood stream here 1s slowed up,
with sedimentation and stagnation, together

with a scaraty of cellular elements of a phago-
cytic nature  Combined with these 1deal cond:-
tions for propagation, there 1s also an abun-
dance of lymph and nutritive substances going
mnto the bone by way of the periosteum, provid-
ing culture medium and milieu conducve to
rapid extenston of infection.

Avttamnosts Wachsmuth and Hewnrich cor-
roborate clinically the experimental findings of
Takahashi on the pathogenests of hemolytic
infecttous osteomyelttis They found that ex-
tenston of infection occurred in the long bone
in avitaminosis (especially deficiency of vita-
min C) and that resistance to bacterial infection
was reduced 1n deficiency of A and B They
believe that the deficiency produces a locus
minoris resistentiae at the ends of the Jong
bones and point out that changes 1n the mecdul-
lary structures are also seen in avitamtnosts

In spite of the advances that have been made
in the use of penicillin 1n checking infection,
timely diagnosss still presents a major problem
The roentgen picture mn the earliest stages re-
veals nothing to give indication of the nature
of the malady Many cases therefore go unrec-
ognized until extensive destruction of bone has
taken place

Relation to Fractnres When ostecomyclitts
follows a complication of a compound fracture,
it 15 1nitiated as an acute bout with all the con-
comutant local and general symptoms of the
discase

Incidence Acute osteomyelitis 1s found most-
ly in boys during the first ten years of life when
trauma 1s no doubt the all-important provoca-
tive factor Some observers limit the age group
between five and twenty years as the period of
greatest physical activaty and rapidity of growth
combined

General Symptoms Usually there 1s a sharp-
Iy defined pomt of tenderness near the epiphy-
seal line but not beyond  Pressure above or
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below the jomnt will reveal it as confined to 2
very small area 1n this region, later extending to
the shaft Systemic manifestations appear 1n
two or three days with toxemta and fever His-
tory 1s of great importance Look for skin
lesion which 1s healing or has recently healed
in pattent who has been 1ll one or two days
There may be a history of sprain, with soreness
for a day followed by apparent recovery Stiff-
ness supervenes, movement Is limited and the
jomnt 1s held 1n a flexed posttion  Look for ten-
derness 1n the area of the diaphysis that may
have been traumatized ‘There 1s pain, swelling,
acttve hyperemia, tenderness, also great eleva-
tion of temperature Two days may elapse
before onset of jont disturbance
In the later stages tension 1n the highly senst-
tive periosteun gives rise to severe pamn  The
tension 1s caused by the accumulation of exu-
dates, thin and serous at first, later becoming
purulent As they continue to form they make
their way into spaces underneath the periosteum
by way of enlarged haversian channels or
through sinus formations Under excessive ten-
sion, the periosteal membrane may rupture per-
mitting the contents to escape
Abscess Formation Some believe that as the
organisms multiply in the formation of an ab-
scess they stimulate the activity of the osteoclasts
in the adjacent bone This change may usually
be demonstrated 1n the roentgenogram about 7
to 10 days after onset as a circular zone some-
what roentgenolucent indicating lessened densi-
ty, the picture also shows the first evidence of
trabecular changes n which the erstwhile sharp
outlines now appear hazy If the defense mech-
anism 1s nadequate to cope with the organism
within the abscess, the process spreads out
through the cancellous bone until 1t reaches the
eptphyseal line although the epiphysis tself
has been known to become involved The infec-
tion may extend to the medullary canal and

bring on necrosts of marrow and even of the
cortex As these alterations and area of rare-
faction extend, they become more and more
definite entities reflected 1n the roentgenogram

In children the abscess usually makes its ap-
pearance close to the epiphyseal lne, mn the
adult patient 1t 1s a short distance from the line
The lesion may be a manifestation of a “flare-
up” of a preexisting osteomyelitis ‘There 1s
record of a case 1n which an abscess formed 50
years following an acute osteomyelitis

Pestosteal Abscess Evidence of periosteal
abscess may or may not be discernible 1n the
roentgenogram Here the infection reaches the
subperiosteal bone from the medullary canal by
way of (1) the enlarged haversian canal or (2)
by spreading outward to the cortex, which 1t
perforates, and penetrates into the subpertosteal
area

In other cases, however, the process may
begin here and become quite extensive before
any damage can be detected roentgenographi-
cally Once 1t gains entrance to the subperiosteal
bone, 1t denudes the cortex of this membrane
The periosteum of young bone 1s not firmly
attached and 1s highly active 1n giving over nu-
tritive material to the growing bone which, n
the absence of adequate phagocytic elements,
would seem to provide the necessary culture
medum and would account for the rapid exten-
sion and the stripping of the periosteal mem-
brane from the cortex This stripping may go
on lengthwise until it 1s loosened from the
whole shaft to the ends at the epiphyseal lines
where the membrane, more securely adherent
to the bone, offers a barrter

Sequestration As the periosteum 1s separated
from the cortex, 1t takes along with 1t numerous
osteogenic cells Because of the nutrition they
recerve from the periosteum, whose function it
1s to (1) feed bone and (2) give over or take
up calcium salts, the cells are now activated and
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at once begin to lay down a thin lamina of new
bone Within a few days this can be identified
clearly in the roentgenogram as a fine zone of
calafication, runming parallel with the shaft
< Where the denuding 1s extensive a sheath or
mvolucrum may form
As the process continues, osteogenic cells of
the metaphysts and draphysis begin to produce
new bone, the cortex becomes thicker and the
trabeculation heavier The haverstan canals and
the fibrous interspaces may be filled with new
bone and therr function as such abolished As
the osseous proliferation terminates n eburna-
tion the roentgen films show it as bone heavser
and denser than normal
More and more conservative measures are

now being employed 1n the treatment of osteo-
myelitts, with the antibiotics playing an smport-
tant role Wilensky and others oppose immedi-
ate surgery before the patient 1s physically ready
for it A differential diagnosis of acute osteo-
myelitis must be made from acute rheumatord
arthntis, rheumatic fever and cellulitis

Staphylococcal Hematogenous Osteomyelitis

Robertson constders staphylococcal osteomye-
litis as a chinical entity He draws a distinction
between this and streptococcal osteomyelitis 1n
thewr climical manifestations The staphylococ-
ac type he finds (1) s exotosn-producing,
caustng necrosts, (2) patients never get well
without sequestration, (3) the disease 1s likely
to become chronic, (4) the organism, causing
serious vascular change, produces three tonins
leuhocvtolysins, hemolysins, and necrotizing,
(5) recurrence and exacerbation ltkely In the
streptacoceie type, there 1s (1) no bone necro-
sis, (2) +f adequately draned healing can take
place without sequestratton, ( 3) recurrence and
esacerbation unlihely

Reintgen Prctnse Unfortunately a quite carly
dgnosis of acute ostcomyelitis ts not always

possible by roentgenography There may
evidence of some periosteal elevation on so
tissue films shortly after the process 1s begu
but definite areas of destruction or osteoporo
are not common before one to three weeks ha
elapsed

Until pathological changes set mn, the roer
gen picture s negative, 1n the reactive stage ne
bone 1s lard down under the pertosteal mer
brane which provides the investure for seque
tration

In about three weeks bone absorption (ats
phy) s demonstrable by roentgen examinatio
The roentgenogram may show hazmess i ti
metaphyss, this will be followed by osteopor
sts and destruction of the shaft The beginnir
areas of rarefaction do not indicate the inroac
of the disease but only the 1n1tial lesions 1n bor
tissue, nor can the extent of necrosts be dete
mined from early roentgen studies Somettme
necrotized bone caused by organisms of lo
virulence does not become separated and ma
undergo replacement by new bone If the per
osteum 1s destroyed by the infectious agent,
fails to form an involucrum, and patholog
fracture may ensue

Chronic Osteomyelitis

If the osteomyelitic process does not substd
spontancously or by treatment it may lead t
chrontctty  The infected dead bone may

1 lead to continuous draining

2 become part of new bone,

3 may be walled off (and the hving or
ganism with st to be reactivated when
ever conditions are suitable, even aftel
years)

4 may remain where tt was formed, un
attached

The heavy dense bone seen 1o the rountgeno:
gram appears moth-caten Scquestra or preces
of dense ragged bone may be dentified, some-
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FIGURE 171 Osteomyelitis Patient A man, aged 63 years
and weighing 165 pounds (75 Lkg) Hustory Pan and
a throbbing sensatton at ball of nght foot He noticed
a small tender area for several months in the web be-
tween the first and second toes A heloma molle was
noted on the lateral side of the second phalanx There
was considerable inflammatory reaction together with edema
Excision of the heloma exposed what appeared to be a sinus
tract, penetrating into the bone Pus was also demonstrated
Roentgenography  Anteroposterior view of right foot re-
veals a loss of bone substance at lateral aspect of head of the
proximal phalans of the second toe A mimimal amount of
sclerosis seen adjacent to this area suggests a destructive in-
fectious process Soft tissue edema involves the second toe
and there 1s a dislocation of the middle and proximal pha
langes Impression Osteomyelius of pronimal phalanx of the
second toe Right foot (Courtesy Dr E Wnght)

. FIGURE 171 Anteroposterior view

B i e T B

FIGURE 171  Lateral view
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The process

Old osteamyeliis of tibia
jumped  the ankle jomt, healed and finally termmated 10
anky losis

FIGURT 172

times free and sometimes built nto the new
bone
The chromaty may be recognized by-
1 Presence of sequestra
2 Istenston of process to neighboring
tissue
3 Lxtension of process to joints
4 Presence and continuance of smus av-
enues
5 Tormation of ¢pithehal sinuses n soft
nssues which may or may not resolve
mnto malignancy
Rocmgen Prctuse The sequestra will rcflect
the densest part of the bone  Since the seques-
tration 1s not fed by the normal vascular trec it
dots not have the ostecoporotic appetrance of

adjacent living bone An area of osteosclerotic
demarcation around an osteomyelitic lesion 1s
a differential factor between this disease and
bone cysts, which rarely exhibit marginal sdero
s1s It may be wise at times to take a serics of
soft-tissue films to permut of adequate visualiza-

tion of newly-formed periosteal bone
The chronic suppurative process usually in-
vokes the defense mechanism of the host organ-
1sm to 1nstitute suitable protective measures for
its own survival, such as the building of sinus
outlets for pus-draiming, sequestration, local
formation of thickened bone and eburnated new
bone and abscess Sinus channels may discharge
pyogenic exudates intermittently for years, and
fatlure adequately to cope with the situatton 1s
demonstrated by recurring acute exacerbations
Sunmmary A pyogenic infection of bone 1s

demonstrated by

1 Periosteal reaction

2 Dissolution of bonec cortex
and medulla

3 Sequestration
4 Rare involvement of bone
beyond the epiphyscal line

Amputatisn of Gfth toc followrz o e
mychites of proximal philanx

bicure 173
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FiGURE 174 Osteomyelitis of distal phalanx, great toe

Since we have a subperiosteal irritant, one
that eventually will attack more and more bone,
a thin wall of new bone 1s formed surrounding
the dead portion or the origimnal diaphysts, re-
sulting 1n a sequestrum Examples and roent-
genograms of osteomyelitts 1n the foot are
shown n Figures 171-175

Coccidiordal Osteomyelitis

Coccidiordal Osteomyelstis 1s a fungus infec-
tion (Cocadiordes immitis)  Because of a
similar osseous nvolvement 1t 1s often errone-
ously diagnosed as pyogenic or tuberculous
osteomyelitis Making 1ts appearance at about
32 years of age (average) 1t 15 usually seen in
assoctation with active pulmonary focus It may
occur, however, in children with open ep1-
physeal Iines, some with multiple bone and joint
lesions, a few with a single leston All bones
are more or less subject to the infection and
among those most commonly affected are
the tibia, fibula, raduws, tarsal bones, and pha-
langes

Local manifestation may become apparent
synovial membrane or in cancellous bone n
which the shaft, medullary canal and joint be-

come mvolved by extension, the epiphyseal
cartilage usually offers no barrier and thus the
infection may pass through 1t into the neighbor-
ing jomnt It seems to have a predilection for
bony emmences such as the malleolt Localized
in spongy bone, the cortex above it may be de-
stroyed by extension

Roentgenologic changes appear in the regton
of the cancellous bone either directly beneath
the periosteum or deeper in the spongiosa
Emanating from an osseous focus the organisms
may invade and destroy the articular cartilage
and cortex, while those emanating from syno-
vial membrane erodes the margmns of these
structures, such eroston 1s a precursor to anky-
losis

Dragnosis 1s established by the identification
of the etiologic orgamism  The abscess or lique-
faction necrosis yields a variety of histologic
elements, including cell structures, particles of
crumbled bone, spicules of dead bone with saw-
tooth edges, and coccidiordal spherules The
presence of the spherules, not always found on
first examunation, establishes the diagnosts

Roentgenographic picture 1n coccrdiodal os-

teomyelitts changes with the progress of the
disease and 1ts virulence
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Ini the early acnte stage may be found

1 Bony fou
Prmanly destructive
No surrounding osseous proliferation
No evidence as yet of ossifying pertosti-
tis
No discernible perrostitis
6 Capsular thichening (synovial mem-
brane involvement)
As process advances cortex may be par-
tially destroyed, with associated abscess
of soft tissue)

A GRS S ]

~1

Chronic Stage Reieals

1 Bone destruction, and associated new-
bone formation

2 Usually an overlying ossifying perios-
titts

3 Irregular margin and variable amounts
of new bone in some cases

4 Sharply outlined wall about a cyst-Itke
cavity, resembling a bone cyst, occurs 1n
some cases

5 Osseous lesions with abscess or cavity
filled with granulation tissue

6 Osscous lesions of spongiosa with gray-
1sh granulation tissue

7 Trabeculae taking form 1n the spaces

8§ Margmal destruction  (jomnt) resem-
bling tuberculous destruction

9 Carhlage space gradually narrowed,
leading to bony ankylosis

10 Corten rarely expanded

11 Frosion or destruction of cortex over-
lying cancellous nfection

2 Progressive heahing by bony sclerosts

Sequestration infrequent.

Cartlage may be destroyed by granu-

lation tissuc

Ditficrentuad Prcture:
1 In cocadiondal arthatis  reguon of bony

atrophy less pronounced than in that of wber-
culous arthritis

2 Ossifying periostitis overlymng bony focus
more frequent (unlihe that of tuberculosis and
then only in the somewhat rare tuberculous
lesions of the shaft)

3 Duffers from chronic pyogenic osteomse-
litis with periosteal osstfication 1n that 1t has
less cortical and cancellous sclerosis

Colon Bacllus Osteomyelitss  Pyogenic os-
teomyelitis caused by the colon baallus offers
no particular chinical or pathological evidence
to differentiate 1t from osteomyelitis brought on
by other pus-formmg organisms Muto reports
a case 1 which the focal organism was wdenti-
fied as Lscherichia coli communisor, but 1t was
not demonstrable 1 the blood or excreta

Osteomyelitn of caleaneus brgan a ber
crut wath inetzstae o hip and finally to the heed pere

Fiausr 174
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FiGURE 176 Aseptic necrosis Patient A man 27 years of age weighing 150 pounds (68 kg ) Hrstory Muild parn in third toe,

nght foot immediately distal to the metatarsophalangeal articulation Patient had no recollection of njury to foot or toe On-

set of present complaint occurred about three months previous to visit Roentgenography Roentgenograms taken 1n anteroposte-

rior and obhique projections of the right foot show alteration of the distal one third of the proximal phalanx of the third nght

toe A small fragment 1s seen which 1s probably the end result of an aseptic necrosis Several small calcified densities are dis-

cernible 1n the surrounding soft tissue, probably aseptic sequestra Impression Unusual appearance of a probable aseptic necro-
sis, proximal phalanx, third toe, right foot, of undetermined ongin

Friedlander's Pneumobactllns Osteomyelstss
Septicemia with pneumobacillus of Friedlander
15 encountered most frequently in adult hife
The organism has been known to cause sept-
copyemita, with osteomyelitis as a local manifes-
tation, a rare, noxious and intractable disorder,
often recurring

Talbot and Parlange differentiate four forms
of osteitss caused by the Friedlander bacillus.

1 Periosteal abscess
Periosteal abscess with subperiosteal
osteomyelitss
3 Extensive osteomyelitts
4 A form of dry diaphyseal caries

| §8]

Syphilis (Figures 177, 178)

Because of better control and effective treat-
Ment, the incidence of syphilitic bone lesions has
greatly dimunsshed When bone 1s invaded by
the micro-organtsm (Sptrochaeta pallida or
Treponema  pallidum), the resulting lesions

mimic those of many diseases The changes
visible 1 roentgen pictures are not sufficiently
spectfic to render positive diagnosis and there-
fore admut of only a probable diagnosts Diag-
nosts must be established by demonstration of
the-causative organism

Pathological osseous changes are i most
cases confined to the shaft and may, by exten-
sion, reach the epiphyseal lines Pertostitis as
a rule 15 found i syphilis The cortical thick-
ening soon occurs and there may be a forward
bowing of the shaft as osseous substance 1s laid
down on the convex side, difering i thss
respect from the bony changes in rickets in
which 1t thickens on the concave side

In congenital syphilis intra-utertne osseous
changes have already begun and are present at
birth They are due to trophic disturbances but
are not specific of syphiis They become visible
roentgenographically after the first month of
Iife and make their appearance in the parts
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showing the greatest developmental activity.
The most conspicuous pathological alterations
appear near the enchondral line The organ-
1sms are harbored chiefly 1n the metaphysis and
diaphysis  The trabeculae are thin with 1irregu-
Jar borders

Syphulttic lesions of the bones i infancy and
childhood, usually as an osteochondrosis or pe-
riostitis are seen before the eighth year The
phalangeal tarsal, metatarsal and metacarpal
bones as a rule are not involved 1n early infancy
unless the large bones of the extremities are
diseased Peniosteal changes are post-natal; at
first the epiphyseal line appears dense, later be-
coming wider and less defined

The centers of osstfication 1n the cartilage are
wider than normal They resemble scorbutal or
rachitic lesions 1n children; indeed rickets and
syphilis may be concomitant Periosteal veiling
inay be of rachitic origin but in syphilis sub-
pertosteal thickening in early infancy 1s accom-
panied by metaphyseal lestons Characterstic
ts the subperiosteal lammation or mantle which

Ftor vr 1°7A (knee)

Tirrer 17 (A B anlC)  Neumeerue pont disturbanue
Tt tig aptheospathies of the knee ankle, and great tine

(3 204 ST 1P H ROy 4 Petaceml Py O of Jive
Fo ~my, fewer T g oaed (age nee Oetols 1919

prevails i the fourth month and is the only
active process in the fifth month and thereafter,

In muld cases the enchondral ossification 13
hastened, n virulent cases there 1s impatrment
of growth Syphilitic pertostitis 1s most no-
ticeable in the metaphyseal and diaphyseal re-
gion, 1s buateral and associated with syphilitic
osteochondrosis The periosteum 15 thichened
and may.be somewhat elevated by exudates In .
muld infection healing may take place by resolu-
tton with infiltration of leukocytes

e b~

Figurr 1778 (ankle)

Frottur 177C (tne)

A

>
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In the secondary stage the principal osseous
leston 15 1n the metaphysis and 1n the later stage
it 1s 1n the diaphysis

Osseous lestons of syphilis may exhibit the
phenomena of Charcot’s joint, osteitss, osteo-
myelitss, pertostitss, eptphysitss, arthritis and syn-
ovitis In diffuse periostitis new bone substance

may form Gummas appear 1n the tertiary stage
of the disease but they have been seen in chil-
dren 1n connection with periostitis  Character-
istic of ostertss in syphilss are the deep pits 1n
the bone Cartilage may be destroyed and con-
tractures, flail joints, or ankylosis supervene

When syphilitic gummas 1n the epiphyses have

FIGURE 178  Syphulitic periostitis occurs
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on convex side of curve of femoral shaft It usually extends to the ¢piphysis
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the appearance of clearly outlined cavittes, the
gummatous granulation will be found to infil-
trate the bone and terminate the mcident m
necrosts In Jocal infection of the bone the spot
appears rarefied with increased density around
it When it encircles an 1solated area of bone
it has the appearance of sequestratton There
may be eburnation and thickening, osteoporosis
and pathologic fracture However, sequestra-
tion in the syphiitic process, unlike that of
osteomyelitts, seldom occurs .

In the long bones the constructive process
depostts bone substance 1n dense hard forma-
tion 1n the cortex and periosteum as seen 1n the
anterior eburnation and thickening of the tibia
(saber shin) by an ossifying periostitis  Syph-
ilitic bone changes effect sharply defined, dense
opaque high-lights in the roentgen negative
film The new bone may be laid down imn a
localized area but sometimes 1t may extend over
the whole shaft

There may be exacerbation of bone pain at
night, but the ]omt in syphilitic arthritis 1s pan-
Iess

Frambes:a Syphilis and the chronic tropical
disease, yaws or frambesia (caused by the Spiro-
chaeta pertenue) are pecuhar mn that both pro-

(1 2)

FicuRe 179 Dactylitis Schematic (1) Normal (2) Ob-
serve significant increase 1n diameter of proximal phalanx
of third toe

duce new pertosteal bone and also destroy bone
Both attack the bones and joints and in fram-
besta the tendon sheaths are frequently in-
volved, usually those of the dorsal tendons of
hands or feet, or both

Variola (Smallpox)

Smallpox 1s capable of producing a leston of
the bony structure in which the epiphyss of the
long bones as well as the jomts may be in-
volved, at times even producing ankylosts.

) P
SN

N
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Amnhum  Schematic representation of roent
genogram

FIGURE 180
Ve

Madura Foot

Madura foot, or mycetoma, 1s a fungus dis-
ease of the foot, relatively rare n the United
States, but frequently seen 1n the south Pacfic,
it 1s endemic 1n India The foot appears greatly
enlarged because of swelling 1n which nodules
and vesicles develop, pus-discharging sinuses
form and penetrate mto the bone The bones
of the tarsus are invaded and usually the dis-
ease follows a chronic course of bone destruc-
tion Amputation 1s not uncommon
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Tuberculosis

Tuberculosis 1n bone 1s characterized by a
slow, indolent course, destructive 1n actton,
showing no new bone formation Primarily the
disease has an affinity for joints and epiphyseal
areas although the shafts have been known to
be 1nvolved

In the tarsus, loss of bony substance may be
so great that both bone and soft tissue reveal
similar densittes 1n the roentgenogram When
joint surfaces are imvolved 1n tuberculosss,
ankylosts results

At times when the disease 1s found in the
shafts of long bones, local destructive tubercu-
lar abscesses are most difficult to distinguish
from a syphilitic or osteomyelitic'infection

I At e

TiGurE 181A

Meukre 181 Amhum

The diagnostic pomnt of a tuberculous leston
1s a group of abscesses which coalesce produc-
ing an uneven, wavy edge

A type of tuberculosis Iimited to the bones
of the foot and ankle 1s termed tuberculosts
simplex cystica, which produces many tiny
areas of bone destruction

Tubercnlons dactylites (dactylitss  tubeica-
losa) (Figure 179) produces a thickening of
the affected phalanx with medullary dissolu-
tion Most cases of tuberculosis of the bone
will be found 1n children Ewvery case of painful
hips, knees and ankles in chuldren suggestive
of tuberculosis should receive the benefit of
roentgen examination

Amhum (Figures 180, 181 A and B)

Amnhum 1s 2 word of African origin meaning
to saw, 1t 1s pronounced ayn’-hum, or Portu-

Figure 181B

(A) Constnicing ning can be seen around the middle phalany of the fifth toc

which 1s undergoing a destructive pracess A small ostcophyvte 15 branching off (B) Further destruction
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guese, em-yoon” Also called dactylolysis spon-
tanea, amhum 1s a tropical disease of unknown
cause which termimates 1 spontaneous ampu-
tation of the fifth toes, and sometimes the oth-
ers, by a constricting fibrous nng  However,
the fifth toe 1s the one most frequently mnvolved
and 1t occurs most often in male Negroes
Etrology. It 1s believed ‘to have a parasitic
origin, the parasite gains entrance through mi-
nute lacerations found in feet of barefoot races
Pathology, Hypertrophy of the horny layer
of the epidermis 1s noted, together with con-
stderable inflammation of the stratum muco-
sum which” produces pigment cells An obliter-
ating type of endartentis may be associated
with the process The true skin and the per-
osteum of the bone become one with slow ab-
sorption of the bone
Symptoms At first a thin band appears on
the digital fold of the plantar surface of the
toe just below the first interphalangeal articu-
lation This furrow then slowly deepens and
develops into a hard fibrous ring which en-
velops the entire circumference of the involved
digit In consequence of prolonged constric-
tion, stasis and congestion supervene and the
process terminates in spontaneous amputation
Roentgenogiaphy The phalanx involved in
the constriction 1s gradually absorbed The
changes reveal absorption of the middle and
distal phalanges, the shaft as well as the distal
ends The bases of the phalanges become dis-
jointed and the cartilage lining of the joint 1s
destroyed Tibia and fibula may be altered

Diabetes Mellitus

Diabetes Mellitus and Concomitant Bone Le-
stons, Calcification of Blood Vessels; Neuropa-
thy (Figures 181-1 A, B,C,D,E, F,Gand H)
According to Joslin, “for every known diabetic
person there 1s an unknown " Diabetes has of-
fered a challenge to the foot specialsst in the

field of detection leading to early diagnosts
That the challenge has been well met 15 recog- .
nuized by Joslin and has obviated the need of
many amputations, not only because of wide op-
portunity for early discovery of the presence of
diabetes (the foot specialist 1s often the first to
see the inutial signs), but because of adequate
management of local lestons of the foot, such
as ulcers and blisters, resulting from lowered
reststance to pyogenic infection and slow heal-
ing tume 1n injurtes brought on by pressures,
friction and erosion or acadents Moreover, a
premature artertoscleross all too frequently as-
soctated with drabetes interferes with the blood
supply to the part Even under normal conds-
tions, healing time in the lower extremities
(most distant from the center of circulation and
compressed by shoe leather) 1s slower here than
anywhere else 1n the body

The development of insulin, brought for-
ward almost thirty years ago, has been the great-
est single advancement 1n combating the effects
of the disease, for 1t serves to stave off the im-
mediate threat of death, but i1t also serves as a
clue to the whole picture of the disease Insulin
1s only a “crutch,” an expedient, and diabetes 1s
a many-stded affair of which “blood-sugar-level”
and “1sland-of-Langerhans’ phase 1s only a part

In spite of the victory over complete disaster
implied 1n the achievement which made possible
the control of the blood sugar level and the at-
tamnment of higher resistance to infection, there
1s still the challenge of pathogenesis and the for-
mudable increase of inaidence of apparently 1n-
escapable degenerative sequelae (whether the
diabetes 1s “controlled” or whether 1t 1s neg-
lected), including (1) osseous changes, (2) vas-
cular damage, and (3) neuropathy

The sslets of the pancreas which normally
produce the needed insulin, a protetn hormone
are only a part of the mechanism engaged n
the metabolism of carbohydrates Aside from



<

INFLAMMATION OF BONES AND JOINTS 197

3t gl

- e e R B

L2

FIGURE 181-1A

FiGure 181-1 (A, B, C, D, E, F, G and H) Destructive
necrosts as concomttant lesion 1n diabetes mellitus  Patient
Marnied woman, punch presss operator, 53 years of age,
weighing 162 pounds (735 kg ) Complamnt  Swelling of
great toe History Diabetes controlled by diet, predisposi-
ton to diabetic ulcers under the heads of the proximal phal-
nges of both great toes required monthly chiropodic care
Thus precautionary measure evaded for siaty days prior to
this application for treatment Inadequate local treatment ad-
ministered duning this time  Physical Exammation (1) Great
toc grossly swollen back to the metatarsophalangeal articula-
ton dusky red in hue  (2) Dorsum of foot edematous  (3)
Sinus opening to the lateral side of the nterphalangeal joint,
wnother one to the nferior surface Phalanges probed through
both stnuses  (4) Toe hiterally full of Pus Roentgenograph

Dorsopiinter aind oblique vicws reveal considerable destruc-
tive necrosts to the osseous approximations of the lateral half
of interphalangeal articulation See Figure 181-1 C and D,
rocntgenographed Jan 9, 1951 Later views revealed a con-
tinuation of the destructive processes tmvolving the entire

Ficure 181-1B

joint See Figure 181-1 E and F, roentgen picture taken Jan
31, 1951 Stul later views give evidence of resolution with
ankylosis See roentgen pictures made Apnl 9, 1951 1
Figure 181-1G and H Cowurse Dec 18, 1950 patient placed
under 1mnsulin control of diabetes when found to have blood
sugar 349 mgm This, together with local treatment, led to
the following changes FiGURE 181-1A. Roentgenogram
made (Aug 30, 1950) during a period when a diabetic ulcer
was present under the interphalangeal articulation

Jan 22, 1951 interior sinus closed

Apnl 9, 1951 lateral sinus closed

May 21, 1951 condition excellent

Sept 1, 1951 no recurrence of symptoms
(Courtesy Lawrence Frost)

Oblique view made same dav as 181-1A

neurogenic factors, the endocrines take part in
the regulation of the blood sugar, the adrenal,
gonadal, thyroid and prtuttary glands secrete
their essential “elaborations” into the blood and
lymph Even the muscle cells, each a minute
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“gland,” contribute to the sum total of the meta-
bolic function 1t 1s well known that the liver,
a large gland, 1s also a factor 1n the metabolic
disorder called diabetes ’

A rather large percentage of diabetes uncon-
trolled for five years or more 1s subject to early
arteriosclerosts  Accelerated artertosclerosis is
characteristic of diabetes and 1s tied up with
neuropathy and osseous mantifestations Usu-
ally the peripheral nerves are affected giving
nse to motor and sensory symptoms pan (or
pefverted sensation) 1n the legs and feet and al-
terations m the achilles and patellar reflexes
Generalized degenerative changes affect the
captllanies, pasticularly those of the retina, kid-
ney and vasa vasorum (the vessels of the blood
vessels)

Joslin has pointed to evidence of such dam-
‘age to the vessels in 70 percent of 250 young
pattents, which occurred 1n spite of treatment of

[T

LiGURT 181 IC  Roentgen picture made Jan 9, 1951
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FIGURE 181-1D  Same as in Figure 181-1C (oblique view)

the diabetic condition It 1s a question as to
whether the vascular change 1s a direct result
of the diabetes itself or of an associated nutrt-
tronal complicatton, such as a disturbance of fat
metaboltsm which 1s known to be responsible as
a factor 1n producing pathologic change mn the
walls of the vessels and reducing their caliber by
shrinhage of cicatricial tissue and deposition of
calcrum salts It has been shown that the vessels
are, however, less frequently involved n con-
trolled diabetes than in neglected cases, such
patients also show more resistance to infection,
trauma, and tumor formation, and present a
better surgical risk

While present-day measures have failed to
cope with the quickened aging process mn the
vessel walls and the vascular damage that “goes
with * diabetes as a concomitant phenomenon,
so-called diabetic ncuropathy has been consid-
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FIGURE 181 1E
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Roentgen picture taken Jan 1, 1951

ered by some investigators to be the result of
these changes in the peripheral arteries, “the
blood animates the nervous system and the nerv-
ous system acts ” Somewhat more than five per
cent of cases under treatment have neuropathic
involvement and i most of these 1t was 1nitiated
during the period of neglect or inadequate con-
trol Rundles noted that 1t occurs 1n mild dia-
betes as well as in the more severe form
Clinical observations include

1

J2

Lower extremittes almost invarably af-
fected

Perverted peripheral sensation of skin
(50 per cent of cases)
Tendon reflexes weakened or absent

Lessened vibratory sense at ankles (na
few cases)

10

11

Ficurr 181 tF

Muscular cramps, ache and weakness,
early manifestations, more severe at
night or on exposure to cold
Appearance, at times, of symptoms i
asymmetrical areas of the extremuties, as
well as 1n other areas
Tibial nerve less susceptible than the
peroneal
Forerunners to neuropathy may include.
pyogenic infection
toxic hyperthyroidism
diabetic acidity or coma
surgery

e pneumonia
Drop foot may be expected in a few
cases
Look for muscle tenderness, 1t 1s fairly
common
Eye involvement

L oM

ERRt o

Taken same d1y as 1581-1E (obhque view)
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trol with edema in dependent posttion -

17. In neglected diabetes, the symptoms are
more severe and persistent -

18 There 1s general agreement that diabetic
neuropathy always starts during time of
uncontrolled drabetes

19 It may occur 1n patients with mild dia-
betes

Roentgencgraphy "While much has been
written on the concomitant phenomena of dia-
betes, which include neuropathy and vascular
damage, less has been said regarding resulting
osseous changes In roentgen examination of
calaifications 1n diabetic arteriosclerosts, Joshn
decided to study those of the legs and feet be-
cause these demonstrate sclerosis earlier than
others Vessels of the lower extremities are
more frequently involved and are more com-
pletely calcified than any others except the
abdominal aorta and the common iliacs Roent-

1

FIGURE 181-1G  Roentgenographed Apnl 9, 1951

12 Gastrointestinal disturbance, rather com-
mon involvement
a Some attribute this to disorder in
autonomic or vegetattve system
b Some believe gastrointestinal dis-
turbance to precede diabetic nerve
lesion
13 Because of autonomic nerve mvolve-
ment, there may be gemtourmary and
sphincter trouble
14 There may be sexual impotency—usu-
ally appears before any other symptom
of disordered nerve function
15 Some inctdence of atonic bladder paraly-
sts resembling that of tabes dorsalis
16 Peripheral sympathetic nerve damage n

some may result in disordered perspira-  poier 181 1H Obhque siew of foot shown in Figure
tory function and loss of vasomotor con- 181 1G, taken same day
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gen interpretation, however, requires constder-
able attentron, as shadows seen in the ankle may
simulate shadows cast by tendon sheaths

Vascular calcification 1s reflected in osteo-
porosts of diabetes Diabetes may retard skeletal
growth or cause change 1n bony structure, with-
drawing from the skeleton the necessary basic
substance required for building of bone matrix
Sometimes there 1s reduction and narrowing of
the trabecular structure Diabetic interference
with bone growth occurs in about 10 per cent
of diabetic children and 1s always associated
with observable osteoporosis Retarded develop-
ment or degenerative changes may not become
clinically apparent, and its incidence 1s greatest
between the ages of 2 and 6 and between 12
and 16, and here one also notices an early cal-
ctfication of the arterses

FIGURE 181-2A

FIGURF 1812 (A and B)

Duabetic arteriosclerosis wth osteomyelitis of fifth metata
w1s previously amputated  Prosimal phalanx of great toe 1s underg

More extensive diabetic lesions of the osseous
structure have been described by Frost

Calcinosis (Figures 182, 183 A and B, 184,
185, 185B, and 186).

Calcinosis appears in various forms and is
readlly demonstrated in the roentgenogram,
stnce 1t 1s marked by characteristic deposition
of calcum salts under the skin, in voluntary
muscle tissue, 1n tendons, and n nerves In mus-
cle and tendon the calcareous matter tends to
parallel the fibers The cause 1s unknown

In calcinosis cutis coicumsciipta the calcum
salts are laid down 1n the skin 1n the form of
nodules or plaques

Inn calcinosis interstitialss, thought to be a
disorder of calcium metabolism, the abnormal
deposits are found in the connective tissues

Ficure 181-2B

rsal shift Distal phalanx of great toe
omng destruction
{Courtess Dr § Perlow)
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Froure 182 Calanosis  Same patient as an Figures 183

A and B 154 185, 183B, and 186 Note fixed deformity of

fifth fincer (chnodactylism)  The termunl phalanges of the

second and third fingers of the nght hand appear excep
tionally small (mucrodactybia)

Lt calcmosts unmiversalis focal calctfications
m1y be dispersed throughout the cutaneous and
<ubcutancous tissues and muscle bundles and

may be etther single or multiple Widespread
calcthication has been seen even in the first year
of life Calcification mvolving muscle may fol-
low trauma within month after iqjury Essen-
tially a disease of the intermuscular and con-
nective tissue, 1t 1s usually designated as calcamo-
575 when the sk and swbcutaneous tissue are
infiltrated, as myosiss osstficans, when the mus-
cles are involved According to Uehlinger, in 70
percent of patients suffering from myositis osst-
ficans, there has been demonstrated a dystrophy
1n the hands and feet

Dzfferential Diagnosis  Calcinosis of the -
tervertebral tissues 1s known as Verse's disease
Munchmeyer's disease, on the other hand, s the
diffuse, progresstve calcification or osstfication
which replaces muscle tissue It s varously
called fibrosttis ossificans, myopathia osteo-
plastica, and more generally myositis osstficans
progressiva

Myositis osstficans progresstva 15 a process
which may be mitiated before birth or in the
earliest years of life As the name implies, 1t
1s progressive and the muscles are gradually
converted into bone Myositis osstficans pro-
gresstva 1s not usually an nstdious process but
rather follows a noticeable and progresstve
course, with intervals of weeks, months and
years, and extends apicocaudad (that 1s, down-
ward) Involved in the calcification are volun-
tary muscles, fascia, tendons and aponeuroses
Concurrently synosteosis of the nterphalangeal
joints of the great toe may develop, sometimes
synosteosis takes place also in the lesser verte-
bral and costovertebral articulations but seldom
in any others

The disease 1s almost always associated with
clinodactylism (bent finger) of the fifth digit
of the hand, and often mucrodactyha of the
same digit, and with valgus position of the
great toe

(Continucd on page 206)
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FIGURE 183A TiGuRE 183B

TIGURES 182, 183, 184, 185, 186 Calcinosis Patient A woman of 43 years, weighing 103 pounds (46 7 kg ) History With
1 history of about 10 years 1liness and pain in feet, legs, and hips, she had had tuberculosis of the lungs as a child, which also
mvolved the ght hip  She experienced sharp pain on the balls of both feet The metatarsal heads were practically subcutaneous
1nd there 1s hittle or no plantar fat pad Hard masses can be scen and felt under the shin of right hand over the metacarpals
The lcft leg reveals hard deposits on the anterolateral margins of the tibia Roensgenography The right hand in the antero

posterior view reveals (1) Fined deformuty of proximo middle phalanges of fifth finger (2) Calcium, small irregular deposits
lving 1n the subcutaneous tissue over the third metacarpal  (3) The termunal phalanges of the second and third fingers of the
right hand appear exceptionally small  An anteroposterior projection of the left leg gives indication of vartous sizes of calcium
deposits extending subcutancously from the ankle up the tibta and fibula for a distance of 125 cm  Anteroposterior views of both
feet reven) (1) Rught foor Lipping of posterior medial articular margin of proximal phalanx, great toe. (2) Increased joint
space first metatacsophalangeal joint (3) Osteophytes at lateral articular margin at the hrst metatarsal head (4) Left foot
appears reditively normat 1n bony sheleton  Lateral view of right ankle and leg reveals a mass of calcium (5 cm 10 length)
along tendo achiths  Another plaque of calaium appears to be in the intermuscular septa of the gastrocnemius muscle (45 cm

n length)  Another mass of calaium extends from the nvicular subcutaneously up the ankle and leg for 15 cm
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Ficure 184 Calanoss Lateral view  Same patient as sn Figures 182, 183 A and B, 185, 185B and 186 Compare with
Migure 183A  Note hard concretions at the anteroliteral margins of the tibia, also mass of calaum along tendo achiths and
anuther extendine from the navicular up the ankle and leg  Calctfication scems to follow lines of stress
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Ticure 185 Calanosts, left foot Same patient as 1n Fig-
ures 182, 183 A and B, 184, 185B and 186

—
1

FiIGURE 186 Rught foot Note lipping of posterior medial
articular margin at furst metatarsal head

Ficure 185B Oblique view
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(Continued from page 202)

It 1s neither confined to any certain locality
nor to any certain race

While the fingers and toes may show the
first signs of the impending osseous change,
actual ossification of the muscles does not set
m until about the sixth year of life

The disease begins with a cutaneous muscu-
lar swelling in the back or nape of the neck,
most often in the interscapular space It 1s
“doughy,” bluish or cyanotic and pits on pres-
sure The temperature may be subfebrile or it
may be normal After 8 to 14 days the swelling
subsides with complete restoration of muscle
function or 1t may leave a tough strand of tissue
throughout the muscle which ossifies 1n the en-
suing months The shortest span of time be-
tween the beginning of the swelling and the
chinically demonstrable osseous proliferation 1s
almost two months Ever new swellings may
appear with supervening ossification and re-
placement of muscle tissue until a vertable
trestle work of huge downward-branching, stag-
horn-shaped evostoses renders muscle action
impossible

The uninhibited replacement of muscle tissue
by cicatrix and this 1n turn by calafication would
seem to bring this aberration of the reparative
process from the classification of inflammatory
reaction to the borderline of tumor formation

Vatamm A Overdose and Infauntile Cortical
Hyperostosts Hypervitaminosis A has been
demonstrated n certain bone and soft tissue
changes and follows rather closely the syndrome
described by Caffey and Silverman in 1945
Caffey calls it infantile cortical hyperostosts and
finds that 1t occurs 1n the age range from 4 to
6 months The syndrome

1 ratability, fretfulness, loss of appetite

2 febrile or subfebrile course

3 pamnful thickeming of upper and lower

ostremities

4 areas of soft tissue induration in extremi-

ties, also 1n chest wall, face and head

5 external thickening of the affected bone

Roentgen examination shows osseous changes
in leg, ankle, and upper extremities, subpert-
osteal bone proliferation, thickening of the cor-
tex, sclerosts of diaphysis of the “long™ bones
of upper and lower extremities

In inking Caffey’s syndrome with that seen
in hypervitaminosts A, some nvestigators find
the age of onset in the latter to be somewhat
greater (upwards of 2 years instead of 4 to 6
months), also less periosteal thickening and
include the mandible in the periosteal change
Shands, on the other hand, has a roentgen rec-
ord of hypervitaminosis A in which there is
defintte subperiosteal new bone and dense meta-
physeal eburnation as described by Caffey

History shows intake of excesstve amounts
of vitamuin A, withdrawal of vitamin A from
the diet 1s followed by abatement of the symp-
toms ’

With the higher incidence of hypervitamm-
osis A (because of belated recognition of 1t as
a clinical entity and increase 1n vitamin meds-
cation), further comparative roentgen studies
of osseous changes in correlation to the Caffey
syndrome would seem to be 1n order

Clinically and 1n animal study, it has been
shown that only young bone is mvolved 1n hy-
pervitaminosis A and then only m the arca of
most active growth Of diagnostic significance,
too, 1s the fact that vitamin A toxicosts shows
no discernible roentgenologic changes in the
adult sheletal structures, although other fea-
tures, such as soft tissue changes, especially of
the shin and 1ts appendages (alteratrons which,
strangely, resemble those of hypovitaminosis
A), follow the general pattern of the syndrom¢
described by Caffey Basss for similanty of
symptoms in hypo- and hypervitammosis has
vet to be established



INFLAMMATION OF BONES AND JOINTS

207

TABLE G

VITAMINS AND BONY CHANGES

VITAMIN INFLUENCE DLFICIENCY EXCESS
A Bone growth Probably does not play role i ostcochondro- | Iz child, produces
Enchondral ossification | dystrophies mid-diaphyseal oss-
fication  subperios-
Bone reparr ) P
P Nyctalopta tea] new bone and
Zerophthalmia eburnation of meta-
Keratinization of other mucous membrane, der- physis
mal changes
B Complex | Bone growth Bone defect d Arrest osteoblastic

Avitaminosis B,

activity and collagen
formation

Nicotinic acid

Stimulates callus
formation in fracture

Riboflavin

Subclinical, during pregnancy, tends to produce
deformity, such as clubfoot, 1n offspring

Pantothenic
acitd and biotin

Some deformities

C

Fracture unions not has-
tened, unless previously
defictent

Chronic  appears to produce osteophytes and
arthropathies resembling arthritis, seen 1n Paget's

disease

Partid] deficiency (experimental) dental changes
In acute scurvy (a) failure of collagen forma-
tion  (b) accumulation of pre-collagen In
chronic scurvy (a) hyperostosts at site of in-
jury or 1n uninjured bone (New bone assumes
trabecular pattern from the surface of the bone
to the fibrous periosteum)) , (b) arthritic changes,
usually fixed 1 flevion, fibrous ankylosis

On mineral deposition
(spectfically)

Senile osteoporosts
Osteodystrophy

Induces decalcifica-
tron of fractures

Concentric bone atrophy 1n certamn myopathies

Delays callus repair (experimental)  Slows rate
of weight gan

(Expenimental ) De-
creases rate of weight

i

gamn




Life cannot sustam an imjury to the system with-
out a struggle, which grves rise to phenomena
that require deeper muvestigation than has been
bestowed upon them even by those who most

have thought
—EISENBERG
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Tumors of the Foot

Bone Tumors Benign, Malignant

General Classification Tumors

Exostosts.

Osteoma

Osteochondroma

Giant Cell Tumor

Bone Cysts

Malignant Bone Tumors
Osteogenic Sarcoma
Chondromyxosarcoma
Synovial Sarcoma

Ewing’s Round Cell Sarcoma
Reticulum Cell Sarcoma
Chondrosarcoma

Myeloma.

Malignant Giant Cell Sarcoma
Xanthoma

Soft-Tissue Tumors

Kapos!'s Sarcoma
Melanoma, Nevocarcinoma

Bamberger-Marie Disease

CONTENTS OF
CHAPTER SEVEN
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A great msittution is but the lengthened shadow

of a smgle man
8

—RALPH WALDO EMERSON



Chapter Seven
TUMORS OF THE FOOT

./ A tumor 1s a morbid growth of a tissue not
normal to the part, it persists ndependently
and does not take part in the normal physio-
logic processes nor does 1t contribute to the
function or welfare of the organism

The subject of such new growths 1s fascinat-
ing Ordmarly when an organ or orgamusm
reaches a certain stage of growth called maturity
it ceases to grow When the whole body -
creases uniformly above normal size the phe-
nomenon 1s attributed to endocrine factors, and
1s called gigantism, or there may be excessive
growth of a part with full functional and par-
ticipating integrity, as in acromegaly, but when
a part of one organ or tissue suddenly exhibits
a more or less circumscribed swelling or new
growth 1t may be recognized as a tumor or
neoplasm

Theorses regarding the etiology or cause of
tumors are manifold and interesting Perhaps
the most noted of the hypotheses are Cohn-
heim’s theory of misplaced embryonal cell rests
and Ribbert's theory of embryonal remnants
which normally lie indefinitely quiescent but
under certain condttions are released when for
some reason or other (because of reduced ten-
ston) the mhibitory influence ceases Some be-
lieve 1t to be tied up 1n some way with the
process of developmental growth, others that it
relates to the transition of tissue repair from
one stage to another (in a chemotactic reaction
to 1njury, metabolic, traumatic, or otherwise) 1n
which the inhibitory factors are barred

Bone Tumors

Tumors may arise 1 bone tissue or 1 soft

211

tissue  Bone tumors may be primary or they
may be the result of metastasis from some other
primary osseous or nonosseous neoplasms
Whether osteogenic or nonosteogenic, they may
be either benign or malignant Malignant
growths 1n the foot, however, are relatively rare
Among the most important diseases here are
these involvements of the bone and cartilage

Pomrs of Importance m Diagnosis of Bone
Tumors Roentgen film studies may reveal

1 Area of involvement

2 Exact type of tumor

3 Whether tumor has benign or malignant

charactersstics

The final diagnosis should be reserved until
all the evidence has been correlated age,
weight, height, history, physical and laboratory
data, and finally the roentgenological imnterpre-
tatton The roentgenograms should corrobo-
rate all the facts established by clinical and
laboratory examination and then the diagnosis
1s made

The roentgenograms may often be the final
word in formulating a diagnosis and in some
cases even more important than a microscopic
section of bone

Salient Pomnts tn Bone Tumor Evidence Di-
agnostic films should show

1 Whether the growth has its origin 1 cor-
tex, medulla or periosteum This 15 best
seen n nciprent stage of disease
Whether new bone has formed
Whether any bone 1s destroyed
Whether cortex 1s ruptured
Whether normal bone and tumorous area
1s vaguely or sharply divided

Wb, W N
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6 Whether any soft tissue 1s invaded

7 Whether the tumor involves the whole
shaft.

8 Whether the area s the only one involved,
and 1ts location

9 Whether 1t 1s of a slow or rapid growth

Benign Bone Tumots

1 Exostosis

a Subungual

b Of other bones
Osteoma
Osteochondroma
Giant Cell Tumor
Bone Cysts

Wt

v

Lrostosis A Subungual exostosts 1s a benign
form of tumor which juts out from the dorsal
surface of the distal phalanges of the toes In
the majority of cases the great toe 1s involved
(Figure 187) Traumatism is probably the im-
portant factor in the cause of subungual ex-
ostosis There 1s a great deal of evidence to
show that it occurs most frequently in women
and that a relationship between this condition
and high heels 1s responsible for the high inci-
dence The site of the growth 1s usually 1n the
dorsal and anterior part of the phalanx The
nail assumes a convex curvature and is rased
above its normal level The growth forces its
way from the free margmn of the nail and the
distal margin may turn back on stself Ths
type of neoplasm has been mistaken for ver-
ruca because of similar surface characterstics
but verruca rarely elevates the nail plate The
roentgenograms will establish the diagnosis the
lateral view demonstrates the growth plainly
The protrusion of bone causes pain on pressure
and the growth may gradually increase i size
and give rise to chronic inflammation of the nail
bed Sce Figure 187 (A and B).

B Ouergrowths, Iippings, or cvostoses on
ather bones nclude

¢
7
E
b
H
t

1

FIGURE 187 Exostosis distal phalanx, great toe Patient
A woman 49 years of age and weighing 128 pounds (58 kg )
History The patient injured her Ieft great toe by drop-
ptng a heavy metal radiator cover on 1t, the acadent occurred
about two years before present consultation At time of
injuty the foot and toe became red, tender and swollen Just
six months ago the patient noticed that the nml was no
longer flat and normal but raised, deformed and thickened
Objecire Examnatron+ (1) Weak foot  (2) Enlarge.
ment of first metatarsophalangeal joint (3) Depression of
metatarsals  (4) Shin temperature normal  (5) Pulses nor-
mal (6) Hypertrophy of nail plate, great toe, left foot, with
deformity Roenmtgenography (1) On the anteroposterior pro
jection a small bony spur can be scen at medial base of distal
phalanx, great toc (2) Thickening over head of first metatar.
sal (3) Lateral bipartite sesamords (bilateral), (4) Hallux
valgus, mild

a Superior-posterior angle of calcaneus,
above nsertion of Achilles tendon
(Figure 192)

4 Plantar surface of calcancus, usually
on the tuberosity (Figure 191)

¢ Dorsum of head of first metatarsal
bone This type ss common with hallux
valgus (Figures 188, 189)
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FicUre 187-1 (A and B) Twao forms of subungual evos-
tosis (A) Patient young man 24 years of age Complamnt

Pain and soreness of great toe whether shoe was on or off
History Some months previously patient had stubbed his
toe on an 1ron stahe projecting above the ground Phjysical
Examation Body of nail of great toe curved 1n as in so-
called ingrown nail, but the incurvation was so pronounced
as to suggest a causative factor other than lateral pressure,
the underlying cause of nail inversion which 1s usually ac-
companied by soft-tissue lipping Here there was no lip-
ping, but rather a fullness and bulging of soft tissue at the
distal end of the toe just below the free margin of the nail
Roentgenography Anvil shaped osseous growth situated on
dorsum of distal phalann (B) Patient Young woman 20
years of age Complaint Pamn 1n great toe when weaning
shoes Hrstory She had been treated for nail inversion,
since the outward appearance of the digit suggested “in-
grown' naul No history of trauma Phjysrcal Examination

The nail proper but shightly elevated had appearance of full-
ness No bulging anteriorly Roemtgenography Subun-
gual exostosis Direction of growth tends outward distally

T1GURE 187-1A  Roentgenogram and schematic drawing
anvil-shaped growth
(Courtesy L L Spanabel)

d Medal cunerform.

e Over superior-postertor border, base of
first metatarsal  (Figure 190)

Exostoses are nothing more than extensions
of the normal bone into neighboring tissue
Their growth 1s a slow process and their struc-
ture approaches the normal bone from which
it arises They assume several shapes, from a
fine sharp process to a wide circular form  Ex-

FIGURE 187-1B Roentgenogram and schematic drawing
shows growth fanning outward distally

ostoses may appear in practically any area of
the bony skeleton, but more commonly they
form near the ends of long bones

Osteoma Osteomas are true bone tumors
Ordinarily they follow a slow but definite
growth Composed of bone and cartilage, they
have a cortical origin etther from a wide base
or from a thin stalk with an overall multilobu-
lated pattern Small, transparent nodules of
cartilage are also found within the general
matrix of these benign bone tumors The true
osteoma does not invade bone, although de-
struction of bone may take place through pres-
sure (Figure 194)

In the foot it may be seen projecting mnto the
plantar or dorsal soft tissue; large exostoses
have been observed protruding from the talus,
from the cuneiform bones, from the base of the
first metatarsal, from the head of the first meta-
tarsal as in Figure 446, and just postersor to the
treading surface of the calcaneus These are
usually clearly demonstrated provided the roent-
gen projection 1s made at an angle in which the
growth will not be obstructed or hidden from
view by the curvature of the bone from which
it arises or by other adjacent opaaties Some
authorities, who differentiate between osteoma
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FIGURE 188 Spurnng at head of first metatarsal

Licurs 169 Spur formation at the bead of the first metatarsal (1) Nrow
g of gmnt space at fist metstarsophalangerd joint (2) lattening of first meta
tarsa] head  (3) Shore fiest metutarsal (1) Displaced sesamonds
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and exostosis with relation to the periosteum,
are of the opinion that osteoma forms beneath
the pertosteum, rarsing 1t and formng a rounded
contour, while exostosts pierces the membrane
and bony proliferation takes place as a conse-
quence, presenting a sharper, more pomted out-
line

Osteochondroma Osteochondromas are car-
tilaginous exostoses which grow out of the shaft
of bones, either developing out of the bone as a
true exostosis or within the shaft to form an
osseous-cartilaginous tumor or enchondroma
(Figures 195-198) They are stmilar to osteomas
except that they are larger and exhibit greater
areas of rarefaction within the mass of bone

The metatarsals, phalanges and calcaneus
may be involved (Figure 198-1 A, B, and C)
The tumor grows by the expansion of the cortex,
forming an enlargement along the shaft The
roentgenogram shows expanded rarefaction of
the bone, and 1t may occur 1n association with
osteochondroma of other bones Occastonally
it leads to pathological fracture When the
growth 1s largely cartilaginous 1t may be said to
be chondromatous and when osseous elements
predomunate 1t may be designated as osteoma-
tous Malignant tumors, such as chondromyxo-
sarcoma, rarely arise from these

Grant Cell Tumor. This new growth s found
in adolescent and early adult life, usually de-
veloping at the knee jomnt and tarsal bones
Ordinanly a grant cell tumor does not break
through the cortex but does expand it greatly.
Moreover 1ts growth is usually confined to
cancellous bone These neoplasms have theur
genests at epiphyseal ends and they progress
toward a joint but rarely invade it The tumor
shadow shows up more radiant than the tissues
around 1t and 1s segmented by many trabeculae
of various sizes

FIGURE 191  Calcancal spur

FIGURE 190  Evostosis
tirsal

(1) Iostosis over supenior articular margin of base of the first meta
It extends posteriorly towards the anterosuperior border of the internal cuneiform  (2) Pes

cavus architecture



216

ROENTGEN FOOT DIAGNOSIS

Fiourr 190 1 Osscous changes (with spur) resultuny from the same traumatisms that produce
penostitis and other inflammatory reaction as well as the supenimposed helomatous impaction which
has reached the stage of chroniaty  Roentgenography  Thus soentgenogrim 15 an enlargement of the
ongmal which was made on destal film with a small portable x ray umit  The <ize of the film 15 1R”
by 1%15' (3by §em) ‘The techmque 15 to sct the machine for 10 mithamperes at 10 inch (254 cm )
Ixpose film for 12 weeonds and an antcroposternior view 1s usually sufficient in the average case
This same technique can be used are any of the four lesser toes  In making a rountgenogram of the
great toe use 114 second exposure with <ame ma distance as on small toes Develop four minutes
at 70 T (temperature)  This brings out finest detads for both bone and soft structures  La Montagne
toentgenography every case of chronic corn that presents stself before he attempts to treat it He has
found that pathologieal changes nccur 1n banes and jounts that have formerly been attributed to faule
foor mexr Carrecting the footgear howcer, after the wnjury has taken place, will not correct the

damage that has been done to the bones or joints
(Co1rtery Jam#s LadMontsgne)
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At first the new growths do not have a defi-
nite pattern and i a few instances may be
musdiagnosed as bone cysts Giant cell tumors
extend along bony processes or ligaments and
do not always invade the adjacent soft tissues
They do, however, at times become malignant
and then the cortex 1s ruptured

Bone Cysts. (Figure 201) Osseous Cysts are
mostly medullary 1n origin and location They
may be solitary or multiple and usually occur 1n
long bones At times the only clue to their ex-
sstence are pathological fractures Rugler states
that there may be a relationship between mul-
tiple bone cysts and parathyroid tumors

Benign tumors, cartilaginous exostosts, benign
gtant cell tumor, chondroma, as well as ostettis
deformans, may undergo changes developing
into sarcoma

Malignant Bone Tumors

Primary.
Osteogenic sarcoma
Chondrosarcoma
Chondromyxosarcoma
Synovioma
Fibrosarcoma
Lymphosarcoma
Liposarcoma
Angiosarcoma
Malignant giant cell
Ewing’s sarcoma
Reticulum cell sarcoma
Myeloma
Metastatic
Carcinoma
a Osteoclastic
b Osteoblastic

Osieogenic Sarcoma  Smnce bones and joints
are derived from the mesoderm, malignant
neoplasms originating here are designated as
sarcomas The causative mechanism, as 1n that
of other malignant tumors, 1s not definitely

LIPLN

7,
A
L

dpw

.o
I
=

[ SN Y
Eade?

LIt A SO P 1

. -

B

FIGURE 192-1 (A and B) Calcification following njury
Patient Marnied woman 27 years old, weighing 140 pounds
(635 N\g) in gencral good health Complarny Pain n
great toe, ability to walk to any extent FHistory Stubbed
toe resulting 1n swelling, soreness, disability  As disability
continued roentgenograph was made Shadow at first inter-
phalangeal joint apparent supernumerary bone No relief
offered, no suggestion for surgery Severil months later
patient agun sought diagnostic aid, as she had difficulty 1n
walking Roensgenography What appeared to be a super-
numerany bone was 1n reality a spherical mass of semi-solid
calaum  The 1njury had apparently chiated tissue reaction
i the form of hme salt deposits Additional caleium
formed 1n the joint and interfcred wath 1ts proper function
Note areas of density 1n the first metatarsal segment Roent-
genogram showing areas of increased density of first metatar-
sal segment and spherical formation of calcarcous matter at
first interphalangeal joint (Courtrs J J Kline)
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FIGURE 192-1B  Schematic drawing, lateral aspect.

understood The greatest incidence 1s confined
to the age range between fifteen and twenty
years and males are the more frequent victims
of the disease The incidence diminshes with
age, 1n counter distinction, metastatic carcinoma
occurs more often 1n later life and its inadence
increases with age Osteodystrophia fibrosa and
fibrocystic involvement very rarely become sar-
comatous

Bone sarcoma as a malignant type of neo-

plasm occastonally occurs 1n the legs and feet
It may have a slow 1nsidious growth and then
again 1t may develop very rapidly and exhibit
early metastasis by way of the blood stream
(Figure 203) The neoplasms appear as solitary
lesions 1n shafts of long bones and are com-
posed of bone-producing cells Usually the
sarcoma 1s itiated within the bone and re-
places the medullary substance and invades and
erodes the cancellous parts The neoplastic bone
takes various forms 1t may be light or dense
and may even take the form of trabeculae
There follows erosion of the cortex and then
extension through rupture to the outer surface
of the bone, where 1t forms a mass Periosteal
bone may appear on the shaft just beyond the
tumor proper

FicUure 192B
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FIGURE 193 Freiberg's infraction, left foot

FIGLRF 194 Osteoma, night foot
(Same case as in Figure 193 )
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There are generally four types

1

2

Medullary

a No bone production but bone destruc-
tron

b Soft tissues mvaded

¢ Cortex both ruptured and destroyed

d Any bone may be involved, but more
commonly the long bones

e Growth extremely rapid

f Pathological fractures

Periosteal

a Bone produced perpendicular to shaft

b Some bone destruction

¢ Soft tissues invaded

d Cortex destroyed

The extremely fine spicular bone that juts

out from the shaft of the bone s charac-

tertstic of this tumor

FIGURE 195 Osteochondroma.

3 Sclerosing
Resembles the periosteal type but theré is
very little bone destruction, but the bone
production seems to have a cortical origin.
4 Mixed
This type 1s a combination of the medul-
lary and periosteal varsety
Histologically osteogenic sarcoma 1s divided
to three classes
1 Giant cell
2 Spindle cell
3 Round cell
The giant cell type develops from true bone
cells The spindle cell 1s the one usually found
If 1t Jacks many blood vessels it 1s somewhat

FIGURE 196 Osteochondroma
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FIGURE 197
FIGURFS 195, 196, 197, 198

1t was getting larger

Ficure 198
Osteochondroma  Patient a man 32 years of age weighing 180 pounds (81 6 kg ) gives history
of injury (spratn) to right ankle of five years’ standing He noticed hard mass at side of ankle about three years ago and that

Roentgenography  Anteroposterior as well as lateral view reveals a large bony mass 1a the posterior por-

tion of soft tissue adjacent to the tibta  The last films 1n this sertes were taken ten months later than the oniginal films and show

1 considerable increase 1n new ossification  No other bone or joint disease 1s apparent Impresston This new osstfication has

probably ansen from earlier trauma to the periosteum We are probably dealing with an osteochondroma which shows a mottled

calaific mass extending into the posterior aspect of the ankle and foot There are several roentgenolucent areas within the
calafic structure  There 1s a suggestion of a soft tissue wall to this mass

less malignant, 1f 1t contains many blood ves-
sels, 1t 1s more destructive ‘The round cell form
1s probably the most malignant form of cancer
of the bone

Chondrom)xosarcoma (Figure 203A) Ac-
cording to Geschickter and Copeland, the os-
teolytic sarcomas are extremely vascular lesions
which show little or no osteotd tissue on micro-
scopic examination They arise ordmarily from
the endosteum and are peculiar 1n the mam to

cancellous bone The tumors destroy cortex,
lifting the pertosteum, but only a small amount
of periosteal new bone 1s laid down There are
three major diagnostic points 1n the roentgeno-
gram of chondromyxosarcoma

1 Translucent shadow of soft parts adjacent

to bone

2 Rasing of periosteum

3 Usual absence of cortical involvement

In the early stage the greater part of the
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JURE 198 1A Second toe
was placed under 1t for photographic reasons

rode on top of growth bu:

;URE 1981 (A, B and C) Osteochondroma, right
lux Patrent A carpenter, white American, 63 years of
, weighing 145 pounds (66 hg) History Patient re
mbers no 1nadent of trauma relating to the lesion but
1ced the first manifestation of a growth about 8 jears
ore present cxarmnation  Only of late has 1t begun to
uble him because of shoe pressure  Physical Examina
n The nght foot presents a tumor about the size of a
all walnut at base of distal phalanx of great toe, with the
ond toe nding on top of 1t Its outer contour appears
inded but palpable evidence defines a hidney shaped, hard
ss apparently attached by a pedicle to the bone or joint
ucture The skin, however, 1s mobile Roenrgenographs

e dorsoplantar view reveals osteochondroma located at
s¢ of distal phalanx of the night hallux This case demon-
ates the need for resourcefulness 1n developing roentgen

techniques best adpted to bring lesions fully to view

(Courtesy Lawrence Froat)
mor 1s on the ontside of the bone and since
e cartilage makeup does not cast a very heavy
iadow on the film, this may be msinterpreted
he chondrosarcoma 1s differentiated from
nign osteochondroma by its vague outer mar-
n and by the lack of cortex under tumor to
ahe a base for the growth

Synovtal Sarcoma (Tigure 203B) Synovial
rcomas that arc confined to the jomnts and
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FiIGURE 198-1B  Dorsoplantar view, nght foot showing
osteochondroma at base of phalanx of hallux

cortices are very rare Ewmng and Stewart be-
lieve them to be neurogenic

Coley states that malignant synoviomas are
found only 1n the region of the joints, bursal
and tendon sheaths Lawrence Smith 1n 1927
first used the term synovioma It may occur at
any age but the average 1s about 30 years

However, according to Berger only those
tumors should be classed as synovial which have
specific features of synovial tissue Synovial
sarcoma may emanate outside of and at some
distance from the jomnt i soft tissues as in
serous bursae At first 1t develops slowly and
then becomes highly malignant

CLINICAL PICTURL Pain 1s present tn half the
cases Swelling may persist for years before
the growth assumes a malignant character The
theory of trauma as a causative factor 1s not
proved It has been confused with tuberculosis
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FIGURE 198-1C  Left foot

ROENTGEN PicTURE With attention focused
on soft tissue parts a synovioma may be shown
even without bone mvolvement Chest films
n two posttions (anteropostertor and lateral)
should always be taken

Lewss states that one 1s relatively safe in
making a tentative diagnosis of synovioma if a
sharply defined soft tissue tumor 1s seen, round,
and at times lobulated, within which irregular
calctum particles are laid down

Ewmg's Round Cell Saicoma occurs less fre-
quently than does osteogenic sarcoma, but more
frequently than reticalum cell sarcoma It 1s
seen 1n childhood and in early adult life, with
predominance of the male sex and preponder-
ance of cases in the age range from five to
twenty-five years

Usually the long bones are involved and the

tumor originates 1 the medullary canal Any
of the osseous structures of the body may be
the seat of the lesion, but the bones of the
extremities show a preponderance of involve-
ment

FIGURE 1998  Soft tissue cvst  Lateral view
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FIGURE 200 Abnormal size and position of toe nadl Patient A 28 year old man weighing 200 pounds (907 kg ) Hustory
A heavy steel bar fell on the sccond toe, night foot, eight years prior to visit  For the past three months he felt a burning patn at
the ball of the nght foot He stated that he had ingrown’ toe nails as Jong as he can remember  While 1n the army from
1942 to 1945, he complained of difficulty with nail on second toe, right foot, but no treatment was suggested Physscal Observa-
trons (1) Chronic onychocryptosts (2) Nail over sccond toe, right foot, presents a deformed appearance (3) Depresston of all
metatarsals (4) Contracture of fore part of foot (5) Callous formatron, balls of both fect (6) Hyperhidrosis (7) Pulses
normal (8) Plantar flexed distal phalanges Roensgenography (1) Hypertrophy of second metatarsal (2) Note that sesamords
are displaced (3) Abnormal position and size of nail of second toe, right foot It appears to grow distosupertorly
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While the round cell of Ewing’s tumor has
been demonstrated, there 1s disagreement as to
whether 1t 15 of endothelial origin  Stout 1s of
the opmnion that its histogenesis lies in the
mesenchymal structure of the bone marrow
and that 1t 1s a form of reticulum cell sarcoma,
others believe 1t to be in a connecttve tissue
element of primittve bone marrow However,
Ewing's sarcoma 1s (1) much more radiosenst-
tive, (2) 1ts growth more rapid, (3) exhibits
earlier metastasis, (4) occurs earlier n life (5)
has less mcidence of pathological fracture, as
compared with reticulum cell sarcoma

However, the growth originates in the med-
ullary cavity of the bone As it grows and
reaches the outer surface, the ensuing pert-
osteal reaction results i the formation of ad-
ditional bone The proliferation varies and 1s
greater 1n the young than it i1s in the more
mature indivedual It shows up 1 the roentgen
picture as a layer of increased density while

the areas of destruction of the spongtosa and
cortex appear less dense The marrow may be
destroyed to the extent of causing anemua.

It has some of the characteristics of osteo-
myelitis, some of its outstanding features are:

1 Medullary origin

2 Bone 15 produced both parallel and trans-
verse to shaft revealing fine, sharp needle-
like bone
Soft tissues may be invaded
Cortex 1s destroyed
Growth 1s very rapid
Occurs 1 long bones
The new bone that 1s laid down re-
sembles “onion skin "

8 Periosteal shadows disposed in lamellae

not characterstic, but may be present.

9 Onset 1n early Iife

Because of the irregular rarefaction of old
bone and the more or less dense disposition of

~ G\ Wb W

FIGURE 201

Bone cyst in the body of the calcaneus

A spur can also be seen on nfenor surface of the calcancus

(Courtey Dr W Pochner)
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FIGURE 205
mustaken for other tumors or for chronic in-
flammation It parallels in numerous ways the
phenomena elicited by an infectious or in-
flammatory process as indicated roentgeno-
graphically and by leukocytosts and febrile reac-
tion In early childhood it may be difficult to
distinguish the growth from metastatic neuro-
blastoma, and from angiosarcoma and reticu-
lum cell sarcoma in the group comprising older
children, adolescent youth and young adults

Retrculum Cell Tumor bears a Ilittle resem-
blance to the Ewing type As the name implies,
it 15 formed out of the embryonal reticular
structure of the marrow It grows quite large
within the medullary canal where it originates
and eventually reaches the outer part of the
shaft where 1t sets up periosteal reaction and
new bone formation There 1s deep necrosis

Osteocartilaginous bodies within ankle joint

Its growth s slower than that of Ewing's
tumor, appears later 1 Iife (25 to 40 year
group), and 15 sometimes misdiagnosed as
chronic sclerosing osteomyelitts and osteogenic
sarcoma

Chondiosarcoma may occur at any time of
life but usually 1n middle age predominantly
1n men

Some authorities differentiate between pri-
mary and secondary types The roentgen pic-
ture 1s vanable depending on extent and loca-

FIGURE 203

(A and B) Osteogenic sarcoma  This 1s a
malignant tumor of medullary origin  There 1s a pathological

fracture of the ubma and fibula Soft tissue 1$ 1vaded, the

cortex 1s destroyed and there 1s marked bone destruction with

no bone production  Histologically 1t 1s a round cell type
tamor (This s a bas relief)
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FIGURE 203A  Chondromyosarcoma

tion of the lesion Of slower development than
osteogenic sarcoma, 1t may origmnate in the
central portion and erode the spongy bone and
mnner cortex In some cases there 1s little or no
addition of pertosteal bone so that 1n the roent-
gen picture the lesion may seem to be a bone
cyst, granuloma, or other osteolytic neoplasm

However, 1n others the thick part of the bone
may be the seat of the lesion and then there
is evidence of pertosteal and endosteal reaction
in which the resulting new bone encases the
central soft tumor As a consequence the roent-
genogram shows a dense elongated shadow
around a roentgenolucent mid-area

As the cartilaginous tumor becomes very
extensive blotchy areas of calcification and ossi-
fication may become apparent within the carti-

lage These irregular, dense roentgen shadows
are also characteristic of chondrosarcoma when
it 1s of peripheral orign

Mpyeloma, or plasmocytoma as 1t 1s designated
by some, usually occurs in the spime, pelvis,
femur and humerus, after the age of 30, more
frequently 1n men, and it 1s not rare Other
bones have been known to harbor this type of
neoplasm

A malignant tumor of the hematoporetic or
blood-producing elements of bone marrow, it
may be accompanied by anemia and weakness
The tumor has been described as solitary and
multiple The solitary type may persist as such
for months and even years Extraskeletal focus
may result as metastasss, although this usually
occurs late 1n the disease

Roentgenographically, two different types
have been demonstrated (1) one resembling
grant cell tumor and (2) the other marked by

I'GurE 203B  Synovial sircoma
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osteolysts It shows the lesion to be of medul-
lary onigin, there 1s early cortical expansion
It 1s a slow insidious growth
Multiple myeloma 1s often suggested by
roentgen evidence of numerous punched-out
areas and may be mistaken for osteolytic meta-
stasts from carcinoma elsewhere Any tentative
diagnosts must necessarily be modified by other
evidence, such as that of Bence-Jones protein
Lymphosarcoma 1s rare as a bone-destroying
tumor and elicits almost no periosteal reaction
At times the bone 1s the seat of the first lestion
to be noted It 1s pamnful and there 1s central
destruction with little new bone laid down His-
tologically some investigators would establish
primary lymphosarcoma as a separate entity, it
1s essentially a disease of the lymphatic system
Fibrosarcoma 1s less malignant and its growth
and metastasis slower than those of osteogenic
sarcoma Found as a rule in the age group from
25 to 45 years, 1t 1s often primary in the medul-
lary region as well as 1n the periosteum In the
extremuties 1t starts in the spongy bone at the
end of the shaft in the metaphyseal area, usually
m the distal femoral and proximal tibial meta-
physis  There 1s gradual destruction and re-
placement of medullary parts and cortex
1t does not form tumor bone After rupture
of the cortex a mass forms along the bone on
the outside and may become so nordinately
large as to overlap the adjacent joint There
may be a small amount of pertosteal new bone
Pathological fracture may be complicated by
development of irregular spicules 1n and about
the tumor substance Metastasts 1s not always
detected
A spindle-cell type may arise mn the perio-
steum, produce swelling, but exhibits little
tendency to penctrate the subjacent bone The
pertosteal tumor 1s palpable and may be felt
as firmly adhering to the bone
The roentgenogram shows central rarefaction

with no evidence of new bone, and irregular
rarefaction in parts of the cortex, the only
pertosteal bone appears in the adjacent bone
surface

Liposarcoma as an osteolytic tumor emanat-
ing from fat tissue of the bone marrow has
been infrequently reported Stewart and others
have described such malignant growths, which
resulted 1n metastasts to lungs and to other
bones

Angrosascoma of bone i1s marked by infiltra-
tion and destruction of bone Also known as
telangiectatic sarcoma or malignant bone aneu-
rysm, 1t 1s probably the only sarcoma of bone
of vascular origin Metastasts takes place early
and the disease 1s rare It 1s found 1n children
and youth of adolescent age The lesion 1s
mtiated in the medullary cavity, grows rapidly
The bone 1s replaced by extensive blood stnuses
and the periosteum 1s elevated, often forming
a tumor-lined blood-filled sac The growth may
become quite large and pathological fractures
are frequent Metastasis to lungs may super-
vene The roentgenogram shows rarefaction in
areas where bone has been destroyed

Grant Cell Sarcoma This malignant grant
cell tumor may begin as a benign form and 1s
seen 1n the age range from 15 to 40 years Un-
like the benign type, 1t 1s rare, progresses more
rapidly, and 1s more painful When the bones
of the extremities are involved the tumor 1s
usually located n the end of the shaft or 1n the
eptphysis  The patient may complam of chronic
pain n the articular region and there may be a
lateral swelling of the bone

The roentgenogram shows a ragged bony
margn, rarefaction as in fibrosarcoma and bone-
destroying carcinoma, but no periosteal bone
in the tumor ttself There 1s usually a sharply
defined central area of rarefaction which starts
as a rule in the metaphysis and extends to the
epiphysts  The factors of rapid growth, external
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swelling, irregular osseous destruction, or the
formation of a triangular layer of new bone mn
the adjacent periosteum may combine 1n a few
imnstances to betray the identity of the tumor.

Parosteal Tumors. A number of malignant
tumor growths are classed 1 a group which
occur outside or alongside the pertosteum and
are called esther parosteal or extraperiosteal
tumors In time they become so firmly adherent
to the adjacent bone, that they have been desig-
nated clinically as osseous tumors Among
these are synovioma, fibrosarcoma, parosteal
chondroma, parosteal osteoma, glomus, neuro-
sarcoma, and meningioma

Parosteal Chondioma 1s a rare extrapert-
osteal cartilage tumor It has been seen 1n the
foot forming a rounded mass in the posterior
tibiocalcaneal region It casts a distinguishable
soft-tissue shadow 1n the roentgen-ray picture

Parosteal Osteoma 1s generally found n
joint areas, such as the posterior curvature of the
distal metaphysis of the femur It 1s accom-
panied by pamn After months, there may be
cessation of proliferation and the growth be-
comes more sharply defined

Early roentgenograms show wide-meshed can-
cellated bone indefinitely distinguishable from
the surrounding soft tissue The outer contour
1s sac-like and the tumor may be connected to
the bone proper by a pedicle or by a larger base

Later roentgen-ray picture may show the mass
to be invested with a thin osseous shell and the
contents a rather dense homogeneous mass The
tumor has been known to imnvolve the foot 1n
its plantar curvature seeming to rise from or
be attached to the cuboid and plantar fascra

Carcmoma  (Figure 204) Osteoclastic car-
anoma 1s usually secondary to carctnoma in
another organ (breast, thyroid, pelvis)
Medullary origin

2 Bone destruction but no production
3 No expansion

-

4 Soft tissue invasion but little soft-tissue
tumor.

5 Lestons always multiple.,

6 Very rapid growth

Osteoblastic carcinoma 1s a type of tumor
which produces bone through irritation of the
growing tumor mass It follows in the wake of
carcinoma of the breast and other organs

1 Medullary origin.

2 Bone destruction with bone production,
but none along the periosteal edges.
No expanston
No 1nvasion of the neighboring tissues
Multple lesions
Slow growth

The presence of areas of increased density in
which the trabecular pattern of flat bone s not
visible and not sharply demarcated from neigh-
boring bone is outstanding feature of disease

AN Wb W

Primany 1n-

Figurr 204 Metastatic carcinoma of anlkle
volvement 1n lung
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Xanthoma of Bone (Schiiller-Christian’s Dis-
ease) (Figure 205)

Xanthoma of bone 1s related to faulty fat
metabolism It 1s believed that there 1s some
relationship between diabetes, thyroid and bone
xanthoma In a roentgen examination can be
found small and large defects 1n the long bones
revealing cortical erosion proving that the de-
structtve process has its origin 1n the medullary
canal and not 1n the periosteum
Soft Tissue Tumors

Although 1t may be a convenient division,
the classtficatton of tumors as benign and ma-
lignant 1s not wholly accurate New growths
which do not spread mto neighboring tissue
are termed benmign, while those which invade
the surrounding parts and show metastasis are
considered malignant

At times some of the benign tumors may
exhibit malignant appearances clinically and
histologically and some which appear malignant
may run a benign course

Tumors of the foot differ from neoplasms n
other parts of the body in that they are fre-
quently multiple Kulchar believes that the
multicentric beginning 1s due both to congenital
and metabolic factors Otherwise they have the
genceral charactenistics of tumors occurring else-
where A large percentage of benign new
growths that nvolve the skin and subcutaneous
tissues 1n other parts of the body are often
found in the foot including neuromas, kelouds,
cysts, lipomas, and fibromas

Angioma  Vascular tumors, according to
Oughterson and Tennant, may be classified into
three groups

1 Angiomas (vascular nevi and arteriove-

nous fistulas)

2 Glomus tumors (angtoneuromyomas)

3 Kapost's sarcoma

The great majority of vascular tumors are not
fatal
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TABLE H
DIFFERENTIAL DIAGNOSIS
TRABECU-
TYPE AREA USUALLY INVOLVED AGE BREAK IN CORTEX | LATION
Expansion
Grant Cell Tumor Pelvis, Knee, Tarsus Adolescence but no break Yes
Malignant Osteogenic Tumor
(Sarcoma) Shafts of long bones Early adult Iife Yes No
Rarely involve
Bone Cysts* Humerus, Jaw, Calcaneus | Children cortex No
Scapula, Spine, less fre-
Myeloma quently 1n long bones Later 1n life No Yes

*In pathology books, these are classified as bone tumors, however, they actually are of inflammatory nature

The Glomus Tnmor occurs most frequently
in the nail bed of fingers or toes It has its
origin n the neuromyoarterral glomus, 1t 1s
erther red or blussh-red in color, and rarely
exceeds 2 cm 1n diameter ‘Trauma on the nail
may increase the size and result in pressure on
nerves At first there 1s pain in the toe which
later may radiate along entire extremuty

Kapost's Sarcoma 1s encountered chiefly
among men of the laboring class of Italy, Rus-
sta and Poland, but 1s relatively rare among
Americans except 1n large urban communities,
1t 15 very rare 1n the Negro race

A multiple diopathic hemorrhagic sarcoma,
it was first described by Kapost in 1872 who
thought the disease to be general, since 1t started
simultaneously m both the hands and feet As
a rule, the 1nitral leston 1s a red macular area
on leg or foot, which later becomes firm and
blush and the macules change to papules of
various dimensions, the cellular elements 1n-
crease and the endothelial cells apparently be-
come fibroblastic  Autopsy has shown that
every organ of the body may be nvolved

Dorffel 1n an exhaustive study states that the
disease 15 primarily one of the reticuloendo-
thelial system The mitial leston 1s frequently

found in the foot At first the tumor 1s soft and
vascular, later becoming firm and hyperkera-
totic Hemorrhages from skin and viscera occur
followed by edema of leg and foot Regression
1s sometimes achieved by srradiation but in most
cases the lestons recur

Calcifymg Hemangioma In calafying he-
mangioma the neoplasm 1s thought by some
authorities to be a developmental aberration
and others attribute 1ts onset to trauma Origi-
nating in the blood vessels or 1n the lymphatics
it forms an area of organized vascular element:
not of the circulatory system which 1s not de
monstrable roentgenographically until the opac
tties of thrombosts, fibrosis and calcficatior
bring the growth to view Even new anastomos:
may become wnvolved and follow a similas
course Calcifying hemangiomata are usually
seen in the extremities and have the appearance
of calcified parasitic cysts

Cysts (Synovial) Tumors having thetr origin
etther from a joint, tendon sheath or bursa are
fairly frequent in the foot The most common
site 1s the metatarsophalangeal joint Irradia-
tron 1s usually effective

Ganglion The ganglion, a form of cystic
tumor, usually found on the dorsum of the



232

ROENTGEN FOOT DIAGNOSIS

FIGURE 206 Soft tissue xanthoma of the posterior aspect

of the lower end of the tibia Observe the pressure
erosion shown immediately 1n front of the fibulx (Diagnosis
vertfied by biopsy)

foot, results from a colloid degeneration of a
tendon sheath or tendon It 1s smooth, firm
and round

Fibroma of the foot usually appears as a part
of a generalized fibromatosts (von Reckling-
hausen’s disease) It may be near a tendon or
a joint capsule but 1s usually found 1n shin

Of slow growth and painless, 1t may attain
the size of a hazel nut, sometimes larger It may
ansse from the skin or subcutaneous tissue or
from the flexor tendon sheaths and becomes a
firm nodular mass ,

Xanthoma (Figure 206) This tumor, made
up of lipotd containing histiocytes and fibrous
tissue, follows as a result of faulty fat metab-
olism and appears on the plantar surface of the
foot or on ankle or leg A benign tumor, 1t ex-
tends along tendon sheath but does not pene-
teate the jomnt capsule At first there 1s pamn or
paresthesta on walking, which later becomes
constant
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FIGURE 206 1 (Photographic reproduction from color trans
parency) Malignant melanoma (fibroma with lateral pig-
mentation) at dorsolateral border of fourth digt, left foot,
1 region of proximal interphalangeal artsculation Patient
White married woman 29 years of age, lean, but not 1n
acute distress, was seen on June 23, 1942 Loss of weight
dunng past year about 5 pounds (23 hg) Complam

Painful corn’ on the left fourth toe History In July 1941
small lesion appeared on toe, during the course of year le

sion increased 1n size to about 12 mm 1n diameter with
intermittent ulcerations discharging a shght amount of
straw-colored flurd  Previous medical attention to no avail

Patient states she has had a dark, rounded, slightly elevated
leston on dorsum of foot since about § or 6 years of age
Clintcal Laammation (1) A pink, fibrous, somewhat pe-
dunculated growth on left fourth toe, 12 mm in diameter
with an clevation of 6 mm on dorsolateral aspect of the
proximal thied of the digit. (2) Darker than surrounding
skin, (3) weeping shightly at proximal margin () Rim of
brow mish purple pigmentation at mcdial border (5) Black
pigmented nevus on dorsum of foot just proximal to hase of
fourth toe, 1 em 1n diameter (6) Non-clevated brown
nevus 8 by 10 mm lower third of leg  (7) Several small,
non-elevated nevi on back and neck  (8) Small peduncu

lated mole over second nght costal cartilage  (9) Severdl
shotty ingumal nodes bilaterally, also bilateral palpable,
non tender shotty nodes an the antenior trangle of neck

(10) Well healed hinear scar 2 mm an length over dorso
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lateral aspect of fourth left toe (11) Roentgen examina-
tion of chest negative Cowurse July 3, 1942 Toe lesion
(metastatic) exased July 28, 1942 Dorsal melanoma
(primary lesions) exased Laboratory report Melanoma
with considerable fibrosis Fibrotic melanoma is not likely
to give nse to early metastasts as i the cellular type This
and the fact that an apparently benign growth on the foot
had changed to a malignant melanoma places this case
in the category of rare incidence In 1949 Patient alive and
well, apparently none the worse after amputation of the

fourth and fifth toes with the adjacent metatarsals
(Courtesy Lawrence Frost)

Comparison between xanthoma and the grant
cell tumor has been the source of considerable
discusston  The frequently occurring “foam
cells” and hypercholesteremia seems to place the
giant cell tumor 1 a xanthomatous classifica-
tion Bastcally these tumors are benign

Subungual Papilloma Papillomata are eps-
theltal tumors, nonmalignant, with finger-like
processes or stromas, and must be differentiated
from the corneous impaction of keratinization
seen in the common heloma durum Usually
rather small 1n size, they are seen as a rule aris-
mg from the site of a callous formation on the
planta pedis Of interest 1n roentgen diagno-
sts, and because 1t 1s rarely reported 1 litera-
ture, 1s the subungual papilloma described by
Frost

Outline of Frost’s case report Patient school
teacher 29 years of age, weighing 125 pounds
(567 kg) History. Patient dropped a heavy
trunk on the digit about six months previous to
onset of symptoms Comzplamt+ Shooting pains
1n distal phalanx of left hallux extending to the
metatarsophalangeal articulation and tender-
ness at distal end of nail Physrcal Examnation
Slight protuberance distingusshable on the distal
center of the nail, rounded, about 14 inch (0 64
) drameter, somewhat lighter 1n color
than the body of the nail Removal of distal
portion of ungual plate (which came off easily
and without pain) disclosed a pinkish tumor of
2 hue darker than that of the surrounding mat-
TIX, covered with a glistening capsule, and about

the size of a large pea On palpation it was
found to be hard, apparently osseous, and ad-
herent to the distal phalanx Later 1t was dis-
sected down to the bone and found to be adher-
ent to the periosteam Much pressure had to be
used with an elevator before 1t gave way taking
a portion of the periosteum with 1t Roentgen-
ogtaphy. Soft-tissue growth giving appearance
of hard-shelled cyst with no connection to the
bone Dragnosis by Exclusion. Laboratory ex-
amination was made to rule out possible osteo-
sarcoma or subungual exostosts, it definstely
established the growth to be a papilloma

Melanoma. The ability to regenerate pig-
ment 1s one of the features of melanomas
According to Pack and Adair fifteen percent of
all melanomas occur 1n the foot and of them
more than eight percent are subungual Pig-
mented nevs should always be carefully watched
and 1if subjected to persistent trauma should be
excised

The usual site for melanoma of the nail bed
1s the great toe As the melanoma grows the
nail plate 1s elevated, becomes thickened, fra-
gile, and 1s finally destroyed, leaving a black,
highly defined ulcerated tumor

Frost reports case of melanoma involving the
fourth toe (Figure 206-1) with site of primary
leston (nevus) on dorsum of foot The meta-
static growth, measuring about 12 mm , 1s lo-
cated on the dorsolateral aspect of the fourth
toe 1n the region of the proxumal interphalan-
geal articulation It 1s several shades darker
than surrounding skin, somewhat pedunculated,
weeping slightly at its proximal margin, a rim
of pigmentation at the medial border

The digital lesion, origmnally quite small,
slowly increased 1n size to its present measure-
ment In addition there 1s a pigmented nevus
on the dorsum of the foot just proximal to the
base of the fourth digit, which was thought to
be the pnmary'leswn and which was later found
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FIGURF 207-1 Melanosarcoma Patient first scen 1 July
1938 1n man 19 years of age Sicihan by burth, apparently
healthy weighing 156 pounds (71 hg) History Patwent
recalls nul puncture mnjury at site about 9 years before onset
of symptoms The present difficulty began 1n November
1937 when while he was weanng tentus shoes, the shin
beohe under the fourth metatarsal head of night foot It
became sore within 2 week and he sought medical aid,
which consisted in daily cauterrzation and which was con-
tinued untd a month before he was seen by Frost Dunng
that interval he had apphied self medication 1n the form of
hot sthne baths and pouluces, and later rcceived one
roentgen treatment of undeterrmined dosage  Physreal Ix-
armsration. The ball of night foot presents a large, arcular,
purple brown fungating mass 2 cm 1o dismeter At the pe
riphery of the growth are several small ateas coning blood
Surrounding the neoplasm 15 a narrow band of caflus that
tends to form up over the edges of 1t yet does not adhere
There 15 pain {of a bumning nature) only on weight beanng
Conrse* 7-25 38 dy of application for medical aid, a letter
was written to determine nature of previous treatment and
diapnnsis Do reply 7 28-38 Patient  refused  biopwy
72038 Luder general anesthesia, crowth removed by
Blumt dissection Underlying normal tissue cauterized with

phenol, dressed with vaseline gauze pack and compreslsxon
band 8-2-38 Laboratory repors (a) Gross irregular, flat,
firm, dark-brown mass 2 cm 1n diameter with small piece
of attached cuticle (b) Microscopic Observations de
scnibed 1n text  Fursher conrse metastasis to ingusnal glands
established  Extensive exasion of soft structures at ball of
foot for tissue examunation pnmanly Daily redressings
Healing, except for occasional cautenzation of hypergraula-
tion tssue, uneventful 11 23-38 Wound entirely healed
and painless, patient in best of spirits 1-26 39 Pain 1n
left groin, (small indirect hermia unusually tender, but
casily reducible), liver palpable Large mass in right gromn
obviously metastatic melanoblastoma from lesion of foot
Because of poor outlook, operation was not considered,
roentgen therapy ineffectne  Prognosis as to fatal termina-
tion estimated at about 3 to 6 months Patient grew progres-
sively worse and on March 13, 1939, he died of cholemia

(Courtesy Lawrence Frost)
to have developed into a fibrotic malignant
melanoma

Nevocarcinoma Attention has been called to
prevalence of the common nevus and to the rela-
tively frequent occurrence of malignant mel-
anoma emanating from such neoplasm and
fatal termmnation However, it 1s interesting to
note that whenever a nevus exhibits tissue
changes or growth before puberty, the lesion
tends to remain chinically benign Metastasts
in the prepubertal age 1s also rare

It 15 well established that the nevus 1s of
neuroepithelial derivation and it 1s thought that
Meissner’s tactile corpuscles 1n the dermal papil-
lae and Ranvier's disks are involved

While actual pigmentation of a nevus may
take place after birth 1t 1s usually accelerated
with the onset of, or closely follows, other
bodily changes of puberty and 1t 1s only then
that the activated neoplasm may exlubit any
tendency to become malignant Thus Pack be-
lieves that the activity of hormones character-
istic of this age are the initiating factors 1n the
development of malignant melanoma Preg-
nancy also appears to stimulate the metabolic
function of the nevus as well as other types of
malignant growth, the period of gestation 15
marhed by increased deposition of melamin 1n
all pigmented maternal tissue
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The lesion 1s also known as nevocarcinoma
In the junctional type, alteration of tissues starts
at the junction of the dermis and epidermus, 1t
1s a cellular growth 1 which nests of nevous
cells appear in the basal cell zone While 1t 1s
thought that hormonal factors attending bodily
changes 1n puberty and pregnancy influence the
pigmentation of nevi, as well as that of malig-
nant melanomas, experiments to ascertain the
influence of adrenal hormones have thrown
little on the subject

These growths must be differentiated from
benign pigmented spots, such as seborrheic
warts, fibromas, angiomas, glomus, hematomas,
and freckles Studies of the sun-tanned skin
with nevous lestons have demonstrated that the
pigmentation 1n junctional nevus 1s independ-
ent of that occurring 1n the skin mn “tanning ”

Carcinoma. Fortunately, primary carcinoma
in the foot 1s a rare lesion Being epithelial, 1t
can never rise in the bone or any other con-
necttve tissue  Oddly enough, 1 spite of exten-
Stve excrescences on the feet, carcinomas rarely
have their origin 1n corns or callosttres, chronic
trritation  therefore, f a factor at all, 1s an
unimportant one

Sarcoma, too, 1s quite uncommon n the foot
When 1t does form, 1t has its origin 1n connec-
tive tissue, muscle, nerve or tendon Fibrosar-
coma 1s the common type A spectal form of
Sarcoma, dermatofibrosarcoma, may occur on the
foot, but ulceration and metastasts do not occur

Melanotsc sarcoma, while rarely occurring in
the foot, as a rule has 1ts origin 1n a mole The
mole may perssst for many years without under-
8oing any changes and then suddenly become
glfagfnﬂnt It 1s highly metastatic and, because

generation and ulceration, has the appear-

ance of gangrene
. ifgg;iimtfoma, a melanoma derrved from
(Figure 207 1lssue, has been seen 1 the foot
-1) When atsing at a site on the

planta of the foot it may present a characteristic
microscopic picture as described by Frost “The
mass 15 covered with squamous epithelrum with-
out hair follicles and with a thick keratin layer
evidently representing tissue elements of the
plantar surface of the foot In the underlying
zone there 1s neoplastic infiltration charactertzed
by marked vascularity and deep pigmentation
The neoplastic cells are, for the most part,
spindle-shaped while many are vacuolated Mel-
anin 1s present both within the neoplastic cells
and surrounding connective tissue Many vessels
contain neoplastic embolt  Mzcioscopre Diag-
nosts  Melanoblastoma  Vascular 1nvasion
strongly suggests metastasis ”’

Osseous and Soft-Tissue Changes in the
Extremities as Premonitory Syndrome 1n
Lung Cancer

Hypertrophic Pulmonary Osteoaithiopathy
While Bamberger-Marie disease (hypertrophic
pulmonary osteoarthropathy) 1s not confined
to a purely localized problem of the extremu-
ties, its early recognition here 1s of mestimable
signtficance as a first syndrome and early warn-
ing of a possible pulmonary leston, such as
carcinoma

Often mistaken for rheumatord arthritis or
acromegaly, hypertrophic pulmonary osteoarth-
ropathy has frequently been noted in associa-
tion with bronchogenic caranoma The pre-
monttory symptoms include aching pains and
tenderness 1n the joints and long bones (often
the tibia and the long bones of the foot), non-
inflammatory increase 1n jomnt flurd, muscular
weakness, hypertrophy of subcutaneous tissues
of the extremities, and osseous changes as here-
nafter outlined

Numerous investigators (including Sching,
Locke and Craig) have demonstrated bony
changes associated with pulmonary malignancy
Of diagnostic import 1s the fact that these often
precede the pulmonary symptoms by as long as



236

ROENTGEN FOOT DIAGNOSIS

18 months Locke reports one case in which
symptoms of hypertrophic osteoarthropathy pre-
ceded discovery of primary neoplasm by 5 years
Early detection of bronchogenic carcinoma
1s of life-saving importance Usually the pa-
tient allows an average of 5 or G months to
elapse after onset of complaint before he seeks
medical aid or diagnostic advice of the foot
spectalist  Thus initial loss of valuable time
may be charged to the false sense of security
and consequent indifference of the patient, for
the first symptoms seem trivial Then there 1s
usually another lapse of months before correct
diagnosss 1s finally established
Bamberger-Marie disease, then, presents the
problem of early detection and entails serious
responsibtlity One must exercise caution aganst
attempting to establish any diagnosis on basis
of the roentgen picture alone The evidence of
history, clinical and laboratory data must be
considered 1n the basis of judgment
The roentgen examination should not be con-
fined to the diseased bone only, but compara-
tive roentgen pictures made also of other parts
of the skeletal structure of the same patient
In roentgen diagnosis of bone disease of the
extremitics and 1n bony malignant tumors, 1t 1s
always good practice to order roentgen examina-
tion of the chest also, particularly by those who
deal essentially with diseases of the hands and
feet
Recent statistics give indication of the grave
importance of any means that will gain infor-
mation about lung cancer, and particularly any
premonitory signs that will lead to carliest pos-
sible treatment  Such information would be a
great contribution to diagnostic procedure 1n
the study of carcinoma of the lung of the liv-
ing patient  Just as diagnosis of diabetic lesions
of the foot has rendered a grcat medical serv-
ice to the patients unaware of therr diabetic
condition, so the foot roentgenologist may be

the first to call the patient’s attention to need
of roentgenographic chest exammation for pos-
sible, time-valuable, early sign of pulmonary
neoplasm

It 15 1n this realm that most of the supposedly
mnor but painful foot ailments are encount-
ered, the significance of which, if neglected,
would escape timely detectton A great service
can thus be rendered toward early diagnosts of
neoplastic disease of the chest and the patient
referred 1 time for surgical intervention

Since the local lesions of the extremities 1n
Bamberger-Marie disease usually precede the
pulmonary symptoms, months of prectous time
may be saved that would otherwise be spent 1n
treatment of rheumatoid arthritis which 1t re-
sembles in these symptoms aching pains and
tenderness in the jomnts, along the shafts of the
long bones, burning sensation 1n hands and feet
and 1ncreased perspiration, muscular weakness,
edema, at times incurston of the joints by fluds
in the absence of local inflammation

Schinz classifies this disease under endogenous
toxicosts and refers to 1t as osteopathia hyper-
trophicans toxica, osteopertostitis ossificans tox-
ica, Bamberger's disease, or Marse’s disease
Bamberger 1n his report of 1891 called atten-
tron to certain osseous changes assoctated with
chronic heart and lung disease and Marte dif-
erenttated the bone and soft tissue changes from
stmple clubbing of fingers and toes

According to Schinz, the premomitory syn-
drome develops (1) usually before any in-
flammatory conditions of lung and bronchual
disease, (2) before primary and secondary pul-
monary neoplasm, sarcoma more frequently
than carcinoma, (3) before true and inflam-
matory mediastinal tumors mediastinal lym-
phogranulomatosis, (4) n chronic congenital
and acquired conditions associated with central
lobe necrosis of the liver, (5) more rarely 1n
bilateral cirrhosts



TUMORS OF THE FOOT

237

Roentgenography. Anatomically the diseased
bone becomes thickened, the shaft 1s invested
with a shell of periosteal bone, the outer sur-
face roughened like the bark of a tree with
accumulations of newly-formed periosteal bone
Most pronounced 1s the new bone formation 1n
the area of the diaphyss, 1t becomes thinner
toward the epiphysts feathering off at the ends,
sometimes 1t 1s thickest in the perrpheral
eptphysis and 1n the region of tendon nsertions

Schinz presents a case of a woman 56 years
of age with osteopathia hypertrophicans toxica
mvolving the length of the tibta The shell of
the new bone growth 1s shown somewhat sep-
arated from the shaft proper This patient had
sickle-cell sarcoma of the uterus with lung
metastasis .

The ntervening space, however, between new
growth and cortex 1s not entirely free from
bone, but the shell 1s connected at intervals with
the underlying cortex by small pedicles In time
this itermediate space, following concentric
atrophy of the primary cortex becomes ever
wider In severe cases, the shell-like new bone
also forms on the long bones of the feet and
hands, in which only the ends and the epiphyses
escape change Simultaneously the tarsal bones
of the feet and hands show evidence of sub-
cortical osteoporosts The rate of development
of these changes varies

Soft Stiucture Changes. In addition to the
roentgen changes seen 1n the osseous structures

there are accompanying soft-tissue changes that
should be noted Most conspicuous among these
are the thickened terminal ends of toes and

fingers with their charactersstic nail plates
curved to resemble watch crystals This thicken-
ing or clubbing 1s intrinsic (1n part, venous con-
gestion, 1n part, hypertrophy of subcutaneous
tissue), a proliferative change 1n and about the
terminal phalanges and not the result of any
hypertropy or enlargement of the bones them-
selves, 1n fact, such distal phalangeal hyper-
trophy rarely occurs as a concomitant phe-
nomenon

Dzfferentzal Diagnosss  Structural changes in
hypertrophic pulmonary osteoarthropathy are
(1) not to be mustaken for simple clubbing of
fingers and toes, (2) for Caffey’s syndrome
(infantile cortical hyperostosis) , (3) for hyper-
vitammnosts A, (4) for acromegaly, (5) for
hyperostosis generalisata

Comment On the basis of the work 1n cancer research by
Valdont and by Duran-Reynals 1t would seem that the possi-
bility of a relationship between the aberrations of the Caffey
syadrome and those of Bamberger-Marie disease, as 1t con-
cerns this type of neoplasm, may be worthy of special invests-
gation Valdoni, reporting a sharp upturn 1n the 1ncdence
of lung cancer (1951), particularly in the maturing-age
groups, thinks that it may be related to a latent virus of
influenza held over in the body from the 1918 epidemic,
reactivated later by some stimulating factor giving rise to
cancer

Duran-Reynals also links cancer to the virus of influenza,
as well as that of poliomyelitis, and others, which he believes
may be dormant 1n the body for years as a nidus for cancer
production following change in milieu, energized by factors
attending the process of aging (of the host), upsets of hor-
monal equilibrium, 1rntating chemicals, or withdrawal of
growth-inhibiting factors

If such relationship could be demonstrated on further
developments based on the law governing the production of
hybrids, with separation or 1solation and rdentification of the
hybrid elements, some principle, independent of natural
selectton,’ may be found which creates the mtlieu that tends
to stimulate, permit, and favor proliferition of the entity
Lnown as tumor
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Our wondrous human o1ganism 1s a trouty of
functions* physical, mental and moral The -
strument that nian must employ i the recon-

structron of himself 1s disapline
—ALEXIS CARREL,
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Chapter Eight

ROENTGENOLOGY IN VASCULAR
DISEASES

Since calcium deposits are relatively roent-
genopaque, they readily lend themselves to
roentgenographic study and interpretation when
they appear in pathologic conditions of soft
tissues They afford adequate differentiation to
render such study of dragnostic value Occlu-
sions, arterial and venous, and obliterations 1n
blood vessels may thus be distinguished from
one another It should be of prime importance,
before making a final diagnosis of vascular dis-
ease, to have all the clinical evidence at hand
and then to corroborate it with the roentgen
observations The following circulatory diseases
are commonly encountered
Buerger’s disease
Raynaud’s disease
Arteriosclerosis
Angioma
Phleboliths
Arteritis and endarterstis
Endarteritis deformans

OmmIdoad >

Buerger's Disease (Thromboangutis
Obliterans)

Gould defines Buerger’s disease as an inflam-
matory disease of the blood vessels of unknown
origin affecting all the coats of the arteries and
veins

Ctinlogy The cause of Buerger's disease 1s
not known, however, 1t 1s fairly certan that 1t
1s of an inflammatory nature, probably follow-
ing bacterial infection or toxemia The fact
that 1t 1s more common in cigarette smokers
makes this merely a factor in the etiology Most
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cases occur 1n men and 1n the age range from
20 to 45 years Hereditary predisposition, racial
susceptibility, mjury due to exposure or strain,
and metabolic disturbances, while not typical,
have also been named as contributing factors.
Signs and Symptoms.
1 Pain 1n leg and foot, intermuttent clau-
dication, relieved on rest
2 Pain 1n heel or imnternal arch
3 Feet cold and moist, discolored in de-
pendent position because of congestion
(cyanosis), skin thermometer shows
lowered temperature
4 Decrease 1n volume, to greater or lesser
degree, of the dorsalis pedis and poste-
rior tibial arteries, and sometimes the
antertor tibial 1s hardly palpable
5 Slow progression of obliterative changes,
leading to
6 Increased cyanosis and gangrene of toes
a Sometimes in chronic cases, dry gan-
grene with spontaneous amputation
6 Sudden onset of occluston, motst gan-
grene
7 Pam intense, although not elicated by
palpation
8 Palpation reveals hard, nelastic thick-
ened vessels
9 Roentgenograms do not show much
arteriosclerotic change but they do point
out the characteristic sites of calcareous
depositions
The pathologic changes involve a chronic re-
curring inflammation of the arteries and verns
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Alterations take place in the mner lining or
mntima of the artertes causing hyperplasia and
finally closing up the lumen The nflammation
and narrowing of the lumen 1s pumary, the
formation of thrombi occurs later

When a thrombus organizes within the blood
vessel, it becomes fibrosed At the same time a
laying down or accumulation of lime salts takes
place just ahead of the thrombus If the clot
does not occupy the entire lumen, the lime salt
deposits can be readily identified by the roent-
genogram The deposits gather at the partially
occluded area of the blood vessel The blood
becomes thicker because of the fibrin at the clot

Ficunr 207 Thromboangitis obliterans  (Buergers dis-
cse)  The pamary phase of snvolvement 18 » change in the
rmooth contour of the ulnar atery  The second phase s
shown by reduction n the caliber and marked tortuosity of
the tumen of the radial artery  Trequently <een, a lacge collat.
ceal hranch 18 gren off from the radial arteny above the ared
of occluston The final stage of involvement 15 dlustrated
by complete occlusion of the palmar arch

(CF 1rtesy AMan Raoher & Hires Penrlcra’ Vo rolar Durnses W P
Sareders Co Pluladeplus)

and thus helps to retain the calaum salts that
are thrown off there

Thromboangutis obliterans has been errone-
ously diagnosed as arteriosclerosts or as Ray-
naud's disease. In the absence of calcareous
opacities, the roentgen examination of the veins
and arterses 1s usually negative unless there 1s
an assoctated arteriosclerosis Buerger's disease
1s more common 1n young men and attacks one
lower extremuty at a time with a diminution or
absence of pulse on the involved side (Figure
207)

The pathologic alterations in thromboan-
gutis obliterans do not follow any rigid pattern
but may present an incongruous picture a nor-
mal digital artery and at the same time an
occluded artery mn a neighboring toe The
changes seen on artertogram n thromboangittis
obliterans are

1 Change n contour of a portion of an

artery (The artersal outline s irregular)

2 Loss in diameter of the vessel The lumen
1s narrowed and follows an irregular pat-
tern

3 Complete occluston of the vessel This

point 1s not sharp but rounded

Raynaud’s Disease

Raynaud's disease 1s a functional derange-
ment of the peripheral vascular system rather
than organic as in Buerger's disease, and there
1s no arterial occlusion It 15 a circulatory dis-
turbance, an angiospasm, caused by a vasomotor
neurosis  The vasoconstrictor nerves arc so
powerful during the attacks that they have com-
plete mastery over the vasodilators

The common symptoms are farrly typrcal  In
the carly stages the fingers and toes are white
and bloodless during a spasmodic episode, this
15 followed by stasis in the vessel and, in the
final stages, by gangrene  The pulse of the dor-
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salis pedis artery may or may not be palpable

Roentgenograms may give indication of a
diffusion of lime salts through the vessels 1n an
associated arteriosclesotic involvement Then,
too, the films may show bone atrophy and there
are cases on record 1n which there 1s an absorp-
tion, shrinkage and slow disappearance of the
termunal phalanges

Usually occurring 1n women and 1n the decade
between the 28th and 38th year, 1t 1s often of
emotional origin (or exposure to cold) and if
vasoconstriction continues may terminate in
symmetrical gangrene in both extremuties At
times one may discern minute calcareous de-
postts 1n the subcutaneous tissues of the fingers
(rarely the toes) in necrotic areas that have
been dramed of blood by prolonged vasocon-
sterction

Arteriosclerosis

Arteriosclerosts 1s an alteratton within an
arterial wall 1n which the vessels gtve up their

normal elasticity, with degenerative changes
taking place by a laying down first of fat and
finally a deposition of calcum salts (Figures
208, 209) These are picked up from the bones
by the periosteum, given over to the blood
stream and conveyed by it to points of gravest
injury

Degenerative changes entail the breaking
down of tissue of the vascular walls by toxins,
or other sources of injury, and replacement by
scar-forming elements, with occasional areas of
calcification, both reactions are a part of the
reparative process In time the ccatrical tissue
shrinks thus not only replacing the normal
elasticity of the vessel walls but reducing the
caliber of the lumen, and thereby raising the
arterial pressure The artery now becomes rigid,
inelastic and tortuous

Causative factors that have been recorded 1n-
clude those of nephritis, diabetes, syphilss, lead
or alcoholic poisoning, gout, dietary indiscre-
tions, and trauma (strain) Occurring late 1n

FIGURE 208A

Ficure 208

FIGURE 208B

Arterioscletosis - Calaification 1n dorsalis pedis and posterior tibial arterses 1s clearly demonstrited (A) La.eral

view  (B) Anteropostersor vicw The pictures were retouched for better visualization
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life, 1t has often been regarded more as a physi-
ological change, an aging process, than as a
true disease

Since calcified areas may form 1n the course
of any artery, the roentgenogram 1s a consider-
able aid 1 “tracking down” the calcified ves-
sels, espectally 1n the leg and foot

Vascular calcfication 1 early life 1s quute
uncommon but does occur 1n hyperparathyrotd-
ism In muddle age considerable artertal cal-
cification occurs 1 Paget’'s disease or osteitts
deformans 1n which a cortical thickening of the
long bones appears ‘The new cortical bone har-
bors multiple cystic areas

Angioma ‘

Angtomas are benign, slow growing tumors
which form in spongy bone beginning as areas
of rarefactton with only a vague trabecular
pattern  Later the trabeculae becomes thicker
and they are then more easily 1dentified

Phleboliths (Figure 210)

As the name implies phleboliths are calculs
or concretions within the veins At times they
appear as little round, dense groups of calafi-
cations, they may also be constdered as calcific
thrombt In the extremuty they are found 1n the
superfictal vemns of the leg on the distal side
of a valve

Arteritis and Endarteritis

Arteritis 15 an inflammation of an artery and
ordmnarily will not show calctum deposttions

Endarteritis 1s an inflammatory process of the
artersal intima and likewsse, 1f uncomplicated,
will not reveal calctum concretions

FEndarteritis Deformans

Indarteritis deformans 1s a chronic inflam-
mation of the arterial wall with deposition of
lime salts to a greater degree than that found

in the only partially occluded vessels of Buerg-
er’s disease

ARTERIOGRAPHY

Arteriography was first used three months
after Roentgen’s discovery and has since been
developed as a new approach to visualize the
vascular system by means of roentgenography

Two nvestigators, Haschek and Lindenthal,
studied the arteries of a hand that had been
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amputated The first expertment was thus done
on a non-living subject Egas Moniz of Lisbon
was the first to introduce arteriography 1n which
the living subject was used He injected sodrum
1odide 1nto the cartotid artery Allen, Camp and
others have contributed several refinements in
the técbmque of taking arteriograms

This 1s a hospital procedure and 1s done
under the supervision of an orthopedic or vas-
cular surgeon Arteriographs may be taken to
demonstrate the arterral tree within a new
growth, or to assist in determining proper level
for amputation

Contrast Med1a used 1n arteriography must
be substances best suited for injection into an
artery, must be non-toxic, non-pain producing,
and must be roentgenopaque Many matersals
have been used, including sodmum and potas-
stum jodide, others that have been introduced
include skiodan, thorotrast and diodrast Tho-
rotrast and some of the earlier preparations that
had been 1n vogue are not now employed be-
cause of the injurtous effect on the blood vessels
and undesirable side reactions

Technigue for Lower Extiemsty In general
a mulder solution of the medum 1s used for the
arteries of the extremities than for the aorta
The 1mjection must be administered quickly so
that the medum will not become too attenu-
ated by blood In most cases arteriographic
procedure may be carried out by percutaneous
puncture To lay open the artery 1s not advis-
able because to do so may invite hemorrhage
In arteriography of the extremity 1t 1s the rule
to have the needle pointed proximally so that
the contrast medium reaches also the vessels
provimal to the puncture point where the man
artery branches, 1t also facilitates the operation
of pushing the needle forward into the artery
It also aids in preventing the needle from slip-
ping out One may grasp the vessel with the
fingers and palpate the pulsation of the artery

with the needle Care should be exercised not
to penetrate the vessels completely through the
opposite wall In such emergency the needle

must be withdrawn slowly so that the point will
lie within the lumen In order to prevent the
withdrawal of needle during mjection 1t should
be pushed forward mnto the lumen to the extent
of about one cm The artertes of children and
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FIGURE 210

Phleboliths 1n antersor tibial v eins
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FiGure 211

FiGUure 211, 212 Vascular basis for panful feet (1) Amputation, bilateral, of fifth toes, following severe infections 1n

heloma

young persons tend to contract sharply upon
the mechanical irritation of the needle, a factor
which should be taken into account In prepar-
ing the extremuties for peripheral examination
by arteriography 1n a patient with angiospasm,
the parts should be warmed 1n order to afford
as much relaxation as possible This not only
mmproves the circulation but faciditates diffusion
of the contrast medium

The shin around the femoral artery below
the inguinal ligament 1s infiltrated with an anes-
thetic The artery 1s then entered with a short-
beveled, vemn-puncture needle, attached to a
syringe holding the contrast substance The ves-
sel 1s occluded above the puncture post and
held by digital pressure The medwum 1s in-
jected and the part roentgenographed

(2) Mild decalaification throughout tarsus  (3) Chmically, the diagnosis 15 a chronic latent phlebitts

(Courtesy Dr Irving M Sward)
Normal Artertogram
An artertogram of a normal extremity 1s dem-
onstrated by ”

1 A smooth, unbroken outline of the lu-
men of the arteries injected, without
interruption of the columns of contrast
medwum (Figures 213, 214)

2 A straight course of the vessels, they
extend evenly, and 1t gradually narrows
to the periphery

3 Only a mimmal amount of collateral
vessels appear, but artertal anomalies
are usually demonstrable

Small arteries, by themselves, without other
complications are not diagnostic of disease
Normal vessels are usually »0f outlined as hav-
ing an indirect course They have rather a
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Arterrogram of normal vessels of leg and foot
Ltd London, England, Clark's Positroming 1n Radiography)

FIGURE 213
{Courtesy Wm Hememann
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TGure 214 Normal arteriogram of vessels of hand
Obsenne the smooth outhine and direct course of normal
arteries  The collateral arculation 1s munimal
(Courtesy Allen, Barker & Hines Penpheral Vascular Ducases, W

B EBaunders Co, Pluladelphia
straight, direct continuty with little abrupt
change they do not make sharp angles

Spasm

An arterial spasm is revealed by a definite
smooth loss in diameter of a vessel, sometimes
approaching obliteration, with an equally even
increase back to the normal

Soft Tissue Roentgenography

Roentgenography of soft tissues has not been
given too much study because of a lack of
standardization of technical factors necessary
for the production of good diagnostic films
The end result to be achieved 1s not only an
outline of soft tissue but a picture showing
comparative denstties within the soft tissues

With a non-screen or soft-tissue technique
there can be hittle or no differentiation  merely

a soft-tissue outline 1s seen The fact that a
roentgenogram reflects the sum total of varymng '
amounts and degrees of opacities 1n the part
exposed and that the body 1s made up of tissues
of different thicknesses and densities gives the
film its usefulness m dragnostic mterpretation

To achieve ultimate perfection for differentia-
tion 1n soft-tissue roentgenography two objec-
tives must be attained (1) optimum clarty
and (2) visibility of minute parts In soft-tissue
work, Files states that a “greater contrast 1s
necessary than for any other type of roentgen-
ography " The factors therefore that control
the contrasts of a roentgen-ray picture must be
considered first, and entail two approaches.
(1) study of ntrinsic tissue differences and (2)
employment of mechanical aids to intensify the
contrasts

Intrinsic T1ssue Differences. Among the tis-
sues of the body, eburnation, cortex of bone,
bone fragments, and dental enamel are the
most roentgenopaque, that 1s, they exlubit the
greatest capacity for absorbing radiation These
are followed closely by calcifications of lesser
densittes, and next in order are the stroma,
parenchyma, muscle, nerve, cartllage, and ten-
don tissues, fat (as well as gas) 1s the least
roentgenopaque

Roentgen differentiation between these tissues
lies 1n the relative degrees of absorption of each
1n respect to 1ts surroundings but 1t 1s also de-
termuned by its thichness, 1ts density, as well as
the penetrating wavelength used Thus there 1s
practically no contrast between water and mus-
cle Contrast 1s necessary as a basis for distin-
gushing one tissue from another

The problem of differentiating them devolves
upon overcoming the seemingly homogeneous
appearance of the tissues under evammation
While adipose tissue 1s highly roentgenolucent
it still may be distinguished provided its sur-
roundings present a different degree of absorp-
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TABLE I
TECHNIQUE FOR SOFT-TISSUE ROENTGENOGRAPHY
LOW KVP
AREA CMS KVP MA TIME DISTANCE FILM

Ankle 7 34 50 3 sec 401n (101 G6cm) Non-screen
Foot 5 32 50 3 secC 401n (101 6cm) Non-screen
Toes 15 30 50 3 sec 401n (101 6cm) Non-screen

tion, just as the bone becomes visible 1n sur-
roundings of lesser density. Thus outlines of
muscle tissue, having the same roentgenolucence
as its immediate environment, cannot be roent-
genographically separated from that mulieu
However, when the voltage 1s raised, it may,
because of the greater penetration made neces-
sary by its thickness and because of its fatty
separations, now be distinguished Bone de-
postts 1n the muscle, as in myosttis osstficans, of
course are readidy defined A soft structure
(relatively roentgenolucent) invested or other-
wise separated by fat (which 1s even more

roentgenolucent) becomes visible because the
fat provides the necessary contrast

Thus to secure greater definttion or separa-
tion of structures to be examuned the roent-
genologist resorts to artificial means, such as
increased voltage, the injection of opaque sub-
stances as positive contrast media or the intro-
duction of air or gas as a negative contrast
medium For some purposes both may be used
The first record of pneumoroentgenograms 1s
that of Hoffa 1n 1906 who introduced oxygen
into the joint space of the knee for the purpose
of determining, 1n case of certain injuries, the

TABLE J

TECHNIQUE FOR SOFT-TISSUE ROENTGENOGRAPHY

HIGH KVP
AREA POSITION CMS KVP MA-S DISTANCE FILM
Ankle a-p 7-10 80 30 361 (914cm) Non-screen
Ankle lateral 6-8 80 22 361 (914¢m) Non-screen
Ankle oblique 9-11 80 22 36m (914cm) Non-screen
Foot Metatarsals a-p 4-6 80 15 36m (914cm) Non-screen
Toot Metatarsals lateral 6-8 80 22 36 (914 cm) Non-screen
rC!L’I’arsals a-p 6-9 80 15 361 (914cm) Non-screen
rookt'l‘arsaIS lateral 6-9 80 22 36m (914 cm) Non-screen
Foot Phalanges ;af% 15-4 80 8 36m (914 cm) Non-screcn
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FIGURE 215 Arteriogram of leg and foot revealing occlusion of posterior tibial artery
(Courtery Dr H Kelikian)
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FIGURE 216 Arteriogram of diabetic gangrene The arterio-
venous system shows up filling defects in the lumen of the
blood vessels due to presence of calctfic deposits

extent to which soft tissue may have been torn
away from its attachment to bone Bonnin calls
it air arthrography

Technical Procedures for Secusng Definttion
Intensifying screens must be used if loss of
detail 1s to be kept at 2 mmmum As a rule,
the kilovolts peak (kvp) will fall somewhere
between 25 to 40 kvp for work 1n the extrem-
ties The milliampere-second (ma-s) factor will
be from 100 to 200 ma-s with the time under
two seconds The focal film distance may range
from 30 to 42 inches (762 to 1067 cm )

# ;_:.Q;ﬁ‘
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For all intents and purposes, the use of the
high kvp techniques 1s satisfactory for detail of
bone and soft tissue but the use of extremely
low kvp and high ma-s gives the maximum
differentiation of adipose tissue, fascia and
muscle

This table 1s applicable only for securing visi-
bility around the extremuties, and 1s especially
useful 1n revealing tendon, muscle and vein
patterns

With this technique the ma-s factor remains
constant and the kvp 1s increased 1 kv for each
centimeter of thickness




If therefoie the profession which you have cho-
sen has some unexpected inconvensences, con-

sole yourself by ieflecting that no profession 1s
withont them

SAMUEL JOHNSON
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Every ltfe has pages vacant still

Whereon a man may write the thing he will,
—HENRY VAN DYKE
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Chapter Nine

FOOT MECHANICS

Locomotion and weight bearing are the two
functions of the foot The foot enhances bal-
ance and gtves a cushtoning effect to a normal
step, thus protecting the central nervous system
and the viscera from undue shocks and stresses
It must be made clear that a foot which appears
normal may function very poorly and that a foot
which appears abnormal may function very well
mndeed

In the foot mechanism both the calcaneus or
os calcts and the talus are of primary concern
The os calcis 1s the bone to which the tendo
achillis 1s attached posteriorly and the plantar

AND DEFORMITIES

fascia anteriorly The heel 1s the fust part of
the foot to reach the ground in walking The
talus 1s a keystone bone jomning the foot with
the leg It articulates with the fibula, tibia,
navicular, and rests on the calcaneus The na-
vicular and internal cuneiform serve as inser-
tions for the antertor and posterior tibial ten-
dons

Some investigators are of the opinion that
in the act of walking the foot 1s acted upon
and supported primarily by muscles, whereas
in the standing position 1ts structures are held
up by ligaments (Figures 217, 218) The most

TALO- CALCANEAL

INFERIOR CALCANEO
SPRING LIGAMENT

ﬂ/NAVlCULAR OR

PLANTAR LIGAMENT

INFERIOR CALCANEOQCUBOID
OR SHORT PLANTAR LIGAMENT

LIGAMENTS OF THE ANKLE JOINT AND FOOT
FIGURE 217
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TIBIA

TALUS

CALCANEUS

FIBULA

ANTERIOR TALO-FIBULAR
LIGAMENT

POSTERIOR TALO-FIBULAR
LIGAMENT ‘

CALCANEO-FIBULAR

LATERAL ASPECT OF THE LIGAMENTS OF THE ANKLE JOINT

FIGURE 218

mmportant cause of a static deformity of the
foot 1s some alteration 1n the skeletal structure,
secondarily involved are the muscles “operat-
ing” the joint

Hoke believes that the foot 1n walking 1s sup-
ported by all the foot muscle power which acts
m harmony when the weight 1s delivered to the
foot Lewn contends that the ligaments do not
withstand a continuous strain as well as the
muscles Keith's law states that ligaments are
not used for continuous support of any joint
Dichson 1n discussing the physiology of the
foot believes “'that the supporting function of
the foot 1s dependent on structural as well as
postural stability, that 1s, upon proper alignment
of the foot bones, integrity of supporting liga-
ments and the tonicaty of the foot and leg
muscles

Deformuties of the feet are commonly scen
following childhood fevers Long periods of
bed-rest arc often succeeded by foot difficulties
Through the application of Wolff's law one
may understand how, 1f a hip or a foot on one
side 1s altered, be 1t diseased or short, the oppo-

stte side will recerve an additional load It must
be understood that functzon makes structnre and
not the reverse i

Figure 219 shows a schematic outline of sev-
eral metatarsal condittons We should discour-
age the use of the terms “metatarsal arch” or
“anterior transverse arch” and the conception
of the sertes of metatarsal heads or metatarso-
phalangeal joints as forming an arch, since 1t
1s normal for the heads of these bones to reach
the horizontal plane 1n the act of weight bear-
ing 1n standing and walking

The antertor tiansverse “break”, as it may
be called, 1s a multiple, segmented himge and-
spring mechanism, each segment endowed with
its own "hnee action” to negotiate uneven
treading surfaces, and each engages the ground
in prehensive movement 1n Jocomotion Under
body weight, or in the completion of a step, the
spring flattens out if the treading surface s flat,
or follows the general contour of uneven sur-
faces, gmding the body weight fanwise to the
phalanges 1n final pushoff In non weight-
bearing position, the metatarsal heads assume
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an alignment forming a half-ellsptical rampant
type of arch-spring as shown 1n Figure 220 A
Under body weight on a flat surface the
metatarsal spring 1s depressed to a straight hori-
zontal line as i Figure 220 B, but recovers its
original shape immediately upon release after
being distorted In treading on uneven surfaces,
one or more of the heads, 1n “knee action” may
even be depressed to a point below the horizon-
tal level, but here agaimn, they will recover the
original safety alignment upon release of stress
In case of failure of elastic recoil, from what-
ever cause, they remain 1n the position shown
in Figure 220 B, or even more depressed, and
thus become exposed to trauma, with various
supervening manifestations of tissue reaction
and compensatory malalignment
The anterior transverse metatarsal mechanism
serves a five-fold purpose and will produce the
work for which 1t was evolved provided that it
1s acted upon by normally integrated dynamic
forces and that there 1s not too much unwonted
extrinsic mechanical interference
1 Metatarsal hinge or “break”, to faalt
tate prehensile functton and initiate
final “push-off”” 1n completton of a step

NI
Y sa,

A. B
FIGure 220 (A) Normal position of metatarsal heads

(Non weight beaning ) (B) Depression of metatarsal heads
(Weight bearing )

2 Its multiple segments with individual
“knee action” (a) to accommodate un-
even treading surfaces, (b) to initiate
shift of weight to avoid concentration
of pressure at any point and change, if

‘f

O
O
d)o

c

FIGURE 219 Schematic outline of metatarsal 1nvolve-

ments  (A) Normal relation of metatarsal heads and sesa-

mo:d bones (B) Depression of metatarsals with displaced

sesamord (C) Depression of the fourth metatarsal hend,
with callous formation

¥O
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FIGURE 221 Normal length of metatarsal shafts Sche

matic draving In order of their length 2nd metatarsal

longest, 3rd metatarsal next, 1st metatarsal next, 4th meta
tarsal next, Sth metatarsal shortest

necessary, backward pressure in the tar-
sus against the cuneiforms and cuboid,
to establish the talus 1n unstable equuli-
brium

3 Spring action, to take up shock and con-
cussion, and thus prevent indirect jars
in remote parts

4 Recetve and distribute weight thrusts to
phalanges which aid in mnittating adjust-
ments to the movements of the super-
imposed unstable load and to position
the foot to the ground for security of
tread

5 Sprng action as safety factor to prevent
direct trauma at bearmg points

Two anomalous structural defects which may
interfere with the effictency of the mechanism
are (1) short first metatarsal as pointed out by
Morton and (2) tarsal fusions heremafter de-
seribed It will be scen that the short first meta-
tarsal not only shifts a large sharc of body
weight and lever and pivot function upon the

second metatarsal, but also causes an uneven
break 1n the axis of the hinge This may not
be harmful nor interfere with the prehensile
function 1n walking on the soft “"give” or un-
even ground surface, but in treading on unyield-
ing flat surfaces, traumatisms resulting from
exaggerated thrusts, or long pertods of unre-
mitting weight bearing and accompanying pres-
sure anemia (1schemia), 1 time will rob the
spring mechanism of 1ts resiliency, which, m
turn, produces added njury Further tissue re-
action 1s seen in the formation of callus at ball
of foot and roentgenographically in the enlarge-
ment of the second metatarsal shaft

By crude comparison one may concetve of a
door so hung that part of the axis of its hinge

Tieunr 222 Schematic anteropostertor  rountLenogam to
demonstrate the Morton syndrome (1)  Short first meta-
tarsal  (2) Hypertrophied second metatarsal  {3) Poster
wrly placed sesamords (1) Cirele indicates ares of pun
(3) Hypcrmaobile first metatacsal segpment
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Ficurr 223 In the ideally designed foot A, the first and second metatarsals extend forward
the same distance, and the first 1s twice as wide as the second Also, all four outer metatarsals are
the same width The influence of weight bearing upon the development of these bones 1s indicated
(1) 1n therr comparative width and (2) in the strength of their walls—represented 1n “square of
the wall’s thichness' (small white squares) In the foot B, with a short first metatarsal, weight
stresses are concentrated on the second metatarsal Consequently, the second metatarsal has become
greatly widened and ats walls greatly thichened
(Courtesy Morton Oh, Doctor! My Fect! op p 8, D Appleion-Century Co, Inc)

1s out of alignment simular to that produced
the foot when any segment of the axis of the
metatarsal hinge 1s rendered eccentric by reason
of the short first metatarsal Upon application
of force to swing the door on such defective
hinge some part of the rigid structure must
break (either the hinge or the door itself) at
points of least resistance Similarly, the thrust
of the eccentric lever 1n the foot agamst the
unytelding floor results in various posttions of
adaptive or traumatic changes, buckling or back-
pressure against the tarsus However, 1t will be
noted that 1t 1s not the first metatarsal head,

sitting snugly back, that recerves and delivers
the thrusts of traumatisms, but the relatively
elongated and tluckened lever of the second
metatarsal

Buettner describes an anomaly 1n which the
fourth as well as the first metatarsal shaft was
abnormally short The fourth metatarsopha-
langeal articulation, interposed midway between
the distal and proximal ends of the shafts of
the fifth and third, formed a mechanical imped:-
ment and source of erosion on lateral pressure
The fourth toe with its distal phalanx receded
back under the interdigital web to such extent
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that the ‘toe” was nothing more than a shight
eminence palpable under the web
The patient stated that to her knowledge she
had never worn a shoe too short and further
volunteered the information that her mother
and grandmother had the same type of foot
The foot was swollen and mflamed and ex-
tremely tender to touch, at time of examination
the wearing of a shoe could not be tolerated
Because of sharp pamn in the region of the
fourth metatarsal, the patient innately shielded
that part by turning the foot inward 1n standing
and walking In time this produced a twisted
structure  Lateral compresston (by shoe) had
made erosion possible between the head of the
fourth and the shafts of the fifth and third
metatarsals, with mflammatory reaction
No two segments of the metatarsal hinge had
a common axts, except the second and third,
roentgenogram showed compensatory distortion
In order of their normal length, the metatar-
sal shafts are (Figure 221)
2d metatarsal longest
3d metatarsal next
1st metatarsal next
4th metatarsal next
Sth metatarsal shortest
The sesamotds are 1n relatively normal posstion

Triad of Morton (Morton's Syndrome)

Morton describes a group of structural anom-
alies of the foot, forming a syndrome or triad,
which 1s probably responsible for some of the
disabling and pamful conditions found at the
ball of the foot Tundamentally there are three
factors imvolved i this “trilogy” or trad of
Morton Figure 222 illustrates these factors

1 Short first metatarsal (Figure 224 A
and 224-1A)

2 Hypermobile first metatarsal segment
(Figure 223 B, 224 C, 2231A and
223-1B)

3 Posterior displacement of the sesamords
(Figure 222 [31)

The direct result of these anatomical aberra-
tions 1s musdirection of stresses of weight bear-
mg and leverage A great share of the thrusts,
propulsion and pivoting burden normally as-
sumed by a longer, stoutly built first metatarsal
segment 1s forced upon a weaher adjotning bony
structure

Three characterstic reactions have been ob-
served

1 Strengthenmg of Shaft To provide the
second metatarsal with the strength necessary
to withstand these stresses, reactive changes,
demonstrable roentgenographically, are seen 1n
a widened shaft or a thickened cortex “Morton
has found that the widened shaft 1s associated
with active leverage and the thickened cortex
with vertical support of gravitational stresses

2 Pamn at the Base of the Second Metatarsal
This may radiate through entire fore part of the
foot and toes

a By direct pressure, referred pressure,
erosion, or tearmng stran on plantar
ligament

b Formation of callus as new source of
pain 1n 1ts role as a forergn body

¢ Continued use during acute strain may
lead to chronic traumatic arthritis

d Jount effusion, synovitis

3 Callus, local reaction of shin induced by
concentration of friction and pressure Callosi-
ties usually occur under the heads of the meta-
tarsals, notably the second and third

Morton does not subscribe to the thesis that
the transverse anterior metatarsus normally
forms an “arch”, at least not under weight bear-
g He contends rather that 1n the act of stand-
ing and walhing, as on a flat surface, the scc-
ond, third and fourth mctatarsal heads reach a
plane continuous with that of the first and fifth

The Short First Metatarsal, while not a dcfi-
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(A) Left foot (B) Raight foot

FIGURE 2231 (A and B) Enlargement of second metatarsal (with infraction of head 1n left foot) In this case the first
metatarsal segment would appear to be hypermobile, the first metatarsal shaft, however, 1s not as short as the one in Figure
224-1 Patient A white girl 20 years old, weighing 110 pounds (50 hg) Complaint Pain 1n ball of both feet Histor

Childhood discases and infections negative Injury to ball of left foot six months previous to consultation, pain increased
during past four months  Physscal Examnatron (1) Retracted toes, (2) with close grouping (justaposition), (3) pam on
palpation of second metatarsal heads, left more severe, (4) restnction of motion both active 1nd passive of second digits
(5) First metatarsal heads proportionately 14 inch (064 cm ) above weight bearing second heads  Rocnrgenography En-
largement of the second metatarsals, with infraction of head of second metatarsal head of left foot Indication of hypermo-

bile first metatarsal segment
(Courtesy George & and Otto A We.ss)
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Tioure 22§ (A) Short first metatarsal  (B)  Hyper

trophic second metatarsal  (C) Hypermohile first metatarsal

scgment (D) Arrows show widened area, and pomnts of
pain and tenderness

{Coyrtray \otton O Doctar® My Fect? op p 318 D Apploton-
Centnn Co Inc)

nite abnormality but rather a familial anomaly,
would probably cause no functional disturb-
ance or clinical symptoms under primitive con-
ditions  The Morton triad 1s found in about
one half the patients with the syndrome of pain,
callus and hypertrophied second metatarsal
Hipermobile First Metatarsal Segment  Mor-
ton dnvides the foot mto five separate longitud-
inal scgments, cach comprising a mctatarsal and
its corresponding bone of the tarsus Thus 1n
descritang the hypermobility of the first seg.
ment, he refers to the abnormally free range
of moton between the navicular and nternal

cunetform bones as well as between the internal
and middle cunerfform (Figure 224) A direct
or indirect result may be found mn derangement
or structural change in other segments of the
foot not only in the metatarsal regron but also
in the alignment of the longitudinal span and
in the general contour of the plantar vault of
the foot proper

Roentgenographically, the hypermobile seg-
ment, an acquired or an inherited tendency, 1s
demonstrated by a distinct hiatus or separation
between the internal and middle cuneiform
The usual complamt of those having this defect
1s pamn at the ball of the foot which follows
hours of standing, walking, dancing or march-
ing Probably the first symptom ss burning or
ttching after evercise A plantar callus ordi-
narly develops on the ball of the foot at the
second metatarsophalangeal joint The out-
standing point of pan 1s located at the base of
the second metatarsal which should be palpated
as a matter of routine procedure

A Short Frrst Metatarsal 1s congenital The
child as 1t begins to walk 1s at once confronted
with the mechanscal nefhiciency of the first
metatarsal (because of its shortness) and the
need of the second metatarsal to develop suffi-
ctent stamina to tahe on the added burden thrust
upon 1t and ordinarily assumed by the first  As
a consequence the shaft of the second metatar-
sal 1n time either becomes thicker or 1ts cortex
undergoes hypertrophy, sometimes to the extent
of almost obliterating the medullary cavity  In
many cases there 1s roentgen evidence of com-
bined types of hypertrophy

1 Cortical hypertrophy
2 Thickening of the shaft

Metatarsus Varus (Tirst Metatarsal ) Meta-
tarsus varus 15 a deflection 1n which the first
metatarsal projects medially It rarcly occurs
without an associated abnormal first metatarsal
segment  The medial swing of the first metatar-
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sal splays out the fore part of the foot allowing
the great toe, through labored muscle tension,
to be thrust lateralward, creating a hallux val-
gus defect (Figure 225)

ROENTGENOGRAPHIC
EXAMINATION OF THE FOOT

The works of Gamble, Moreau and Bertani
have given us a new conception of roentgeno-
graphy of the foot i determining the descent
of the longitudinal arch Roentgenograms of
both feet in the anteroposterior plane, as well
as lateral, should be made 1n every case of un-
certatn diagnosis These often furnish the evi-
dence necessary to establish definite estimate of
the disorder, whether 1t 1s a lowering of the
osseous structure of the internal longitudinal
arch, depression or other aberration of the trans-
verse metatarsal “"break”, descent of the calcan-
eus, Freiberg's infraction, Kobhler’s disease,
short first metatarsal, hiatus of first,metatarsal
segment, pathological changes due to rickets
and scurvy, infectious, neurologic and trophic
disturbances, calcineal apophysitis, or other
bone or joint lestons and disabilities

Roentgen Study of Flatfoot

Any roentgen study of the foot requiring ac-
curate knowledge of bone contours and of the
osseous structural relationships to one another
demands that they be viewed at those projec-
tions which give the truest and most comprehen-
stve picture of the subject Foreshortening and
shadows that obscure must be taken mto ac-
count In lateral view of the calcaneus, taken
from a somewhat postertor oblique position,
the bone appears to be short and squat, an ex-
ostotic extrusion may come to view in one pro-
jectton but not m another even though the
projection angle has been but slightly altered
On the basis of these and other factors of ex-
pertence, a system of triangular relationships

FiGure 224-1A Left

FIGURE 224-1 (A and B) Congenttal shortening of
fourth metatarsals Patient Housemud of Germar
19 years old, only 4 ft 7 1n (1397 cm ) tall and
110 pounds (50 kg ) Complarnt Callus at ball
pain, tenderness throughout both feect, difficulty

shoes  Physical exammanion (1) Gait more a sh
1 walk  (2) Shoes poorly fit (3) Advanced weal f
Both feet very short and wide (5) Each fourth

directly on the dorsum of the foot (6) Left foot
shorter than the mght (7) Hypertrophied mast
undcr the head of the second and third metatarsals

area heavily calloused, callus also under head of
(9) Pronounced pronation at head of talus  (10) §
tating of the calcineus (11) Pan eliated on pal
metatarsal heads except first and fourth (12) Hype
shin under second and third metatarsal heads in t
not nearly so pronounced 1« 1 left (13) Howese
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Froure 22418 Right

under hfth heads practically dentical an both feet  (14)
Distinct enlregement of first and fifth metatarsophalangeal
articulations, ught foot wath digits scverely cramped and
crowded together and a heloma on the dorsum of each (13)
Hands short and wide  (16) Tingers stubby and thick with
enlarged jonts  (This condstion of the fingers has always
heen present and the fourth dipat of each foot has always sat
on top of the foot)  {17) Because of the short fourth meta
taral shaft the corresponding fourth toe does not extend
from the antenor end of the foot but extends upward from
the dorso antenior area corrcsponding to the location of the
fourth kouckle of tht hand (18} It i3 extremely doraflexed,
rery flexible, giung the impression of having no muscular,
hpamentaus or wndinsus attachments  Roerigenographs
Note unhalance and osseons malfosmatnon The left firt
metataesal being short throws the step off power upon the
wernnd amd therd  (This accounts for the hypertrophied and
calluecarered mase of dun under second and thied heads)

Because of the short first metatarsal and 1ts 1nability to carry
1ts proportionate amount of weight there 15 a tipping down
ward of the medial bordcr of the foot, putting an over strain
on the medial longitudinal arch  There is also a shight shott.
emng of the third metatarsal shaft of left foot which throws
most of 1ts load upon the second shaft and, because of this
wncrease of use, the second metatarsal shaft has enlarged,
quite evident 1 the roentgenogram Therefore the outer
weight of the foot 15 all falling on the fifth metatarsal shaft
and head due to the shortening of the fourth and it 15 some
what enlarged because of the extra weight it must carn
Right foot We find the first metatarsal shaft apparently
normal 1n length and circumference The second and third
metatarsal shafts «cem to be quite normal 1 size, when com
pared with the first, but they give the impression of being
more dense than 1s usual  This 1s probably due to the fact
that they are carrying slightly more than their normal amount
of body weight, also because of the relative ancapacity of the
short fourth metatarsal shaft  The atrophy of the fourth com
pared to the fifth can be seen very plamnly 1n the prcture and
1s the result of dissuse The ffth shows evidence of over-
development because of the added work 1t must perform and,
mntsmuch as the first 1n this foot 1s—we shall say normal—-
1t does not allow the inner longitudinal arch to tip nward
and downward, but keeps this side of the foot in approx
mately 1ts normal position and transmits the body weight to
the outcr or lateral border in the usual manner  This 1m
poses the body weight which should be bome by the fourth,
upon the fifth The fifth metatarsal in the right foot is earry-

g more body werght than the fifth 1 the lefe foor
Courtess P W Patterson

has been evolved which lends stself readily to a
more accurate roentgen mferpretatmn
The technique here outlined facilitates the
determination of the degree of flattening or
deformation of the structural alignment even 1n
mciprent stages The patient 1s examed 1n
upright positron with the foot resting on a sup-
port, first 1n the non-weight bearing, and then
in a weight-bearing posture  The central ray
should strike the horizontal plane of the support
on which the foot 1s posed (Figure 230)
Special clinical, podographic and rocntgeno-
graphic studies were carried out on 127 subjects
The following prove the best Jandmarks 1n lat-
cral roentgenography of the foot (Figure 231)
1 Lowest point at head of talus Tt s fair-
ly constant, shows little individual vari
ation
2 Lowest poimt of calcancus touching the
horizontal plane
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3 Lowest pomt of the first metatarsal head
touching horizontal plane

4 Lowest pomt of the articulating surface
between the first metatarsal and the first
cunetform
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TIGURE 225A

Fiure 225 (A and B) Metatarsus varus of the great toe

Pattent A boy 9 years of age weighing 68 pounds (31 Lg )

History Boy had been complaining for several months
of vague pains around the right instep His mother stated
that he was not as active as the other boys n his group He
began walking at 16 months No history of scarlet fever or
sheumatic fever  Physrcal Obsertations Walks with a * pro-
tected” gait to keep weight off his right foot The boy ap

peared tall and thin for his age Mild edema over right
mnstep and tenderness over the nght navicular  Mild prona-
tion of nght foot Roenmtgenography (1) Metatarsus varus
of the great tae (2) Mild sclerosis at postertor articular
margin of tarsal navicular  (3) Hypermobile first metatarsal

segment

FIGURE 226A

FIGURE 226 (A and B) Morton's syndrome

A man 28 yjears of age weighing 165 pounds (
Hrstory Pain on bearing weight on the nght fi
localization of that pain on the plantar surface of th
He states that the night foot was mnjured 1n a fall
mately three years previous to the present compla
physician mnformed him that the cubo:d bone had b
tured Roentgenography Anteroposterior and obliqu
tions of the right foot reveal no evidence of any ¢
cuboird The head of the second mctatarsal extenc
beyond the fiest There 1s some cortical thickenin,
second metatarsal shaft The nternal and middle cu
appear to htve 1 much wider separation than nort

sesamotds are postcaiorly placed
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Morton s syndrome The arrans point out

Ligrpr 227

the ateas o tendetness Note that theee 15 2 cuneforn spht

Ihe spage hete os wider than normal as indicated by black
ened areas of decreased denuary

(€rarte s et O fropert Yo Fre ot p 32T \jpltan
travpy £0 hrex

5 Lowest point between the calcaneus and
the cuboid
6 Lowest point of head of the fifth meta-
tarsal touching horizontal plane
Lines connecting these points produce angles
A, B, Cand D
Angle A—Indicates the degree of flattening
of the medial longitudinal arch
Angle B—Indicates the degree of depression
of the anterior transverse metatarsal spring
Angle C—Indicates the degree of lowering
of the external margin of the foot
Angle D—Indicates the degree of the des-
cent of the calcaneus

Normal Angle Valnes

Angle A 128 degrees
Angle B 14 degrees
Angle C 150 degrees
Angle D 20 degrees -

Postering oblique view of sheletal s pucure
of toat  Note telationdup between the talue and the cal
cnecus wath sty projecting (ol e (sustentauioam tsind

Fcurr 2271



FOOT MECHANICS AND DEFORMITIES

267

FIGURE 228A
FIGURE 228 (A, B and C)

Ficure 228B

(A) Pattern for well-designed foot

Ticure 228C

(Four lesser metatarsals are of

equal width ) (B) Mild hypertrophy second metatarsal with widening between cunetforms  (C)

Pronated weak foot showing (1) Quite noticeable enlargement second metatarsal (2) First meta-

tarsal longer than second (3) Widened intercuneiform space (4) Compensatory atrophy fifth meta-
tatsal shaft

(Courtexy Aloiton OR, Doctor! My Feet! op p 52, D Appleton-Centurn Co , Inc.)

A phenomenon not previously described was
found, namely that many cases of “podo-
graphic” flatfoot show normal angles in the
roentgenogram These may be classed as pseu-
do talipes planus The seeming evidence of
flatfoot as indicated by podographic impressions
15 due to pressures of hypertrophied soft tissues
of the sole, in true flatfoot the pressures of the
sagging osseous structures produce simular 1m-
pressions

Prolonged standing within a small area of
unytelding treading surface, with little oppor-
tunity for changing pressure points is another
important factor The roentgen evidence there-
fore must be conclusive 1n ascertaining the meas-
ute or ratwo of mtrnsic deformation On pass-
g from the non-weight bearing position, the
normal angle A shows a vanation ranging from
zero to seven degrees An increase greater than
seven degrees ndicates a pathologic alteration
of the longitudinal arch (Figures 232-239)

Peroneal Spastic Flatfoot

Bestdes the anomaly of the short first metatar-
sal, roentgenology has demonstrated congenital
structural aberrations of the osseous mechan-
1sm which became the basis of severe soft tissue
reaction and disabilities, beyond those super-
vening as a result of ordinary work exacted and
expected of the normal foot Among these are
the navicular fusion with the anterior process
of the calcaneus posterior to the region where
it rests on the sustentaculum tali, and other con-
genital aberrations in the tarsus

Either unilateral or bilateral, the coalition
may be one of synostosis, syndesmosis, or chon-
dromosis or one of partial synostosis and the
connection completed by cartilage or fibrous
tissue

While there may be some adaptive shorten-
ing of the peroneus muscle, 1t 1s thought that
muscle spasm here 15 caused by arthritic changes
in the foot In many cases of so-called peroneal
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TiGure 229  Lateral projections of foot within shoe to
cheek fiving (schematic)  (A) A well fitted shoe  The posi-
tion of the hall of the foot comaides with the flare of the
shoe The longitudinal arch 1s recerving suppoct from the
stff shink of the shoc The shoe fits freely over nstep and
there 3¢ ample toe room  (B) A short-fitted shoe  The ball
of the fuot as v front of the flare of the shoe The long:
tudinal arch s not supported by the <hank, and there s
cronding of the tocs, with t resultant ight nstep

spastic flatfoot the osscous structures do not
sag longitudinally as in true pes planus, but
there may be vanous degrees of eversion of the
fore part of the foot with httle or no calcanco-
valgus The nigidity and angulation of the
alignment arc caused by the fusion as a primary
factor with peroneal spasm as secondary phe-
nomchon. During the spastic episode the pero-
neal spasm, exaggerating the trochlear function
of its tendon, grips the foot mto immovable
rigidity. “This 1< lessened as the spasm subsides

While some degree of structural rigidity may

be present 1n carly childhood, 1t 1s not until the
spurts of actrvity of growth and the strenuous
use 1 adolescence, sometimes resulting from
torston mnjuries, that symptoms begin to appear
These may be pain, spasm, and sensttive area
in the region of the fined jomnt As m the short
first metatarsal, these aberrations may be present
without symptoms or disability It 1s only when
the abnormal mechanism 1s forced to perform
the same arduous work with the effictency of
the normal that untoward symptoms artse which
call attention to the defect that caused them
Found more frequently wmn young children 1s
the talocalcaneal fusion Here the subtalar mo-
tion 1s checked and there may be osseous lipping
on the lateral and dorsal edges of the head of
the talus It 1s accompanied by valgus rotatton
of the calcaneus There 1s some rigidity and
the longitudinal arch 1s Jow n a few cases, but
in others 1ts contour follows normal curvature
The foot proper, however, s twisted mto a

I J

Fict+¥ 236 Techmque for roentgenograply in wotghts
beating posstian of foot
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somewhat valgus position It moreover seems
to offer better resilience to withstand the stresses
that cause traumatic injury than does the foot
with the calcaneonavicular coalition

Here too the malformation may exist without
complamnt or disability and then symptoms usu-
ally occur tn the pertod of greatest activity from
early childhood to adolescence

Roentgenography To discover roentgeno-
graphic evidence of these tarsal fusions requires
special projecttons An oblique projection of
the midtarsal area reveals the calcaneonavicular
phenomenon while a posterior, downward, 45-
degree-oblique projection brings the talocalca-
neal anomaly into view If the talocalcaneal
fuston 1s a synchondrosts, a narrow notched line
of decreased density can be seen in the lateral
as well as in the oblique view In the oblique
view the bone and the line of demarcation ap-
pear below thetr normal position The susten-
taculum tali appears greatly enlarged

FIGURE 231

munation of plantar arch deviations

gree of lowering of long internal arch  Angle B indicates de-

gree of depression of transverse arch Angle C indicates

degree of lowening of external mirgin of foot Angle D
indicates degree of descent of calcaneus

Schematic Jateral roentgenogram for deter-
Angle A indicates de-

Angle Normal
A 128°
B 14°
C 150°
D 20°

(Courtesy Dr G Bertant, Bucnos Arres, Argentina)

ANGLE A - 1307
" B - |2.
o C - |44'
D~ 21

NORMAL

Schematic drawing of lateral roentgenogram
of normal foot

FOOT
FIGURE 232

ANGLE A~-[20"

" B- 20
i C ~130°
¢ D- 32

PES CAVUS

FiIGURE 233  Schematsic drawing of pes cavus

ANGLE A -138°

"B - 18
wo C-l162"
“ D~ o

PES PLANUS
FIGURE 234  Schematic drawing of pes planus

Congenital Clubfoot (Figures 240-244)

A fixed malposition of the foot at birth, one
which a normal foot may simulate, comes under
the general term of congenital clubfoot When



270 ' ROENTGEN FOOT DIAGNOSIS

-— .
T s —— ——— ——y — —
o e e g

A. LATERAL WEIGHT BEARING. SCHEMATIC DRAW
WEAK FOOT SHOWING LOSS OF ARCHITECTURAL
DESIGN IN ACTIVE ATTITUDE.

FIGURE 235A.

B. LATERAL WEIGHT BEARING. SCHEMATIC DRAWING.
NORMAL CONTOUR FOR ACTIVE & PASSIVE ATTITUDES.

FicurF 235B
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FIGURF 236 Roentgenogram of weight bearing, lateral aspects showing normal angle values

Angle A
Angle B
Angle C
Angle D
therapeutlc or corrective measures are not insti-
tuted 1t will remain twisted out of shape or posi-
tion and the child will, 1n most cases, walk on
the ankle It 1s because of this tendency that
the term talipes 1s used the Latin talus means
ankle and pes refers to foot
One of the most common as well as deform-
ing defects 1n a foot 1s the clubfoot
Ltiology Ten percent of the reported cases
seem to have a hereditary factor Three theories
will be stated
1 Intra-uterine pressure
2 Embryopathologic disturbance of germ
plasm producing a malformed or mal-

Left Right
127° 127°
10° 15°
151° 146°
17° 19°

posttioned foot as observed in talipes
An equinovarus attitude 1s normal in
intra-uterine life from the third to the
sixth month By the seventh month, 1n-
ward rotation of the leg takes place and
the foot assumes its normal adult posi-
tion When inward rotation 1s delayed
or fails to take place, a clubfoot results

Clubfoot 1s seen 1n a wide range and degree
of deformation a very mild equinus to one n
which the digits approvimate the med:al border
of the tibia 1s possible The deformitv presents
a triple problem

1 Flexion by powerful tendo achillss

Wl
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FiGURE 237 Roentgenograms demonstrate adolescent weak feet Patrent A 8145 jear old child
weighing 60 pounds (272 kg) Hrstors The girl complained of tiredness in legs and feet ever
since she started to walk. She was fitted with orthopedic type shoes for several years but parents
saw little improvement Roentgenography Weight bearing films reseal

Left Right
Angle A 156° 155°
Angle B 7° 3°
Angle C 165° 167°
Angle D 8° 6°

Remarls Obsene that the calcanca of both fect are practically parallel with the horzontal planc
Thts 15 a case of congenital pes valgoplanus

2 Adduction touching the navicular and thus forcing the fore
3 Inversion held by the deltoid ligament,  part of the foot nto adduction
inferior navicular ligament and plantar One of the reasons for failure 1n casting the
fascia clubfoot 1s based on the fact that the navicular

The navicular and the cuboid are almost 1n 15 not directly in front of the head of the talus
the center line  In a typical clubfoot the roent-  when the cast 1s removed so that when weight
genogram reveals the body-weight thrust trans-  bearing 1s allowed, the transmitted body thrust
mitted through the tibia to the talus, obliquely  will again be forced obliquely upon navicular
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Acquired Clubfoot

Various forms of talipes may be acquired:
1 The most common cause 1s poliomyelitis
2 Various forms of paralysis
3 Acute febrile disease

Classification of Clubfoot (Taltpes)

Tal equInus ... fvarus
Single varsety Ta lpes{calcaneus ali eslvalgus
varus
equino {valgus
Combined variety ~ Talipes

varus

calcaneo
{valgus

Talipes Equinus The dervation of the term
gtves indication that the foot resembles a horse’s
foot If a foot 1s fixed 1n plantar flexion, but
normal movements are possible 1n longitudinal,
vertical, mediotarsal, and subtalar axes, we have

FIGURE 238

changes brought no remissions

the foot hurt all the time,

a talipes equinus deformity (Toes are down,
and the patient walks on anterior part of foot)

Talipes Calcanens A foot fixed in a dorst-
flexed attitude, with movements in the remain-
ing parts normal, 1s of the talipes calcaneus
vartety (The heel points down, patient walks
on heel, toes elevated)

Talipes Varns 1f the foot 1s fixed m a post-
tion of inward rotation on the longitudinal axis
and adduction on the vertical axis, the deformuty
1s called talipes varus The patient walks on the
outer border of the foot, with plantar surface
tending to turn inward

Talipes Valgus. Here the patient walks on
the mnner border of the foot which 1s 1n a fixed
position of eversion and abduction with the
plantar surface turned outward

Combined Types of Talipes Frequently a
combination of two deformities, such as talipes

Weak foot Patient A young woman 19 years of age, 5’5" (165 cm ) tall, weighing
134 pounds (61 kg ) Hrstory Acute pan 1n the heel and the ball of left foot persisting for several
years The gul complained of general tiredness and aching 1n leg, especially at might Weather

with vague pamns 1n and around the

tendo achillis attachment History also revealed appendectomy three years previous to visit and peri-
carditis supenvened shortly thereafter At the end of a month of treatment of the foot disability she

was still unable to walk without pain 1n the foot

callus on ball of left foot

mentation tests normal

(2) Callus medial margin of great toe
(4) Hyperhidrotic skin  (5) Dorsiflexton of foot quite painful

Physical Observations (1) Moderately severe
(3) Abduction of great toe

(6) Electrocardiographs and sedt-

(7) Right foot negative as to any untoward symptoms Roensgenographtc

Measurements  Angle A lowening of internal arch, 140° Angle B depression of transverse arch,
6°. Angle C lowenng of external margin, 152° Angle D descent of calcaneus, 17°
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FIGURF 239 Woeak foot History A young lad weighing 120 pounds (54 { hg ), 1in s last year
of public school, well built and 1n apparent good health experienced aches and pans 1n both feet for
over a year Brought wmn by his mother, the chief complaint was one of tiredness and tnabihity to carry on
rymnastic work or play ball with the boys He states he noticed lus feet have a particularly offensne
odaor  Physical Obscrrasrons (1) Pan at base of ffth metatarsal, both fect  (2) Sweaty, cold clammy
slan (3) Scanty hur growth dorsum of feet  (4) Ankle valgus, bilateral  (5) Toes in mild
contraction  Roenigerographie Meaturements

Right Left
Angle A lowenng of nternal arch 136° 134°
Angle B depression of transverse arch 10° 11°
Angle C lowering of externyl margin 145° 154*

Angle D descent of calcancus 30° 30°
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equinus with a varus or valgus twist may be
seen Bone changes 1n talipes equinovarus (Fig-
ure 243) show mamly in the calcaneus and
talus The neck of the talus 1s forced downward
and inward Scudder’s determinations have dem-
onstrated that in the normal fetus the neck of
the talus turns inward about 35 degrees, while
in the adult foot the angle 1s about 20 degrees
On the other hand, 1n a clubfoot the neck of the
talus may turn mward as much as 50 degrees or
more

The calcaneus, bestdes being plantar flexed
and rotated on 1ts long axis, has an inward twist
that causes a shuft upward and backward so that
1ts supertor surface 1s almost 1n contact with the
tibia

The rotation of the forepart of the foot forces
the navicular inward, upward and backward and
now the navicular articulates with a more poste-
r1or portion of the talar head There 1s likewise
a shift 1n the cuboid, the superior surface of
which 1s now rotated downward

Taltpes Calcaneovalgus (Figme 244) Tal-
1pes calcaneovalgus 1s the second most common

FIGURE 240 Talipes equinovarus

vartety of clubfoot Here we have the heel 1n a
“dropped” attitude, the fore part of the foot 1s
forced outward

Hallux Valgus (Figures 252-256)

The etiologic factors of hallux valgus may be
found in hereditary predisposition, trauma or
joint changes Truslow was the first to use the
term metatarsus varus primus to describe the po-
sitton of the first metatarsal The word primus
should be discarded and replaced by the desig-
natton, varus of the first metatarsal When this
condition exists, 1t frequently 1s the forerunner
of hallux valgus or bunion

Roentgenograms of hallux valgus exhibit

FiGURE 241  Schumauc drawing of a foot sn <cvere club-

foot attitude
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FicuRe 242

Schematic roentgenogram showing club foot before and after correction

Obsenve 1n

figure on left that body weight thrust follows a line through the talus hitung the posterior lateral border

of the navicular thus forcing the fore part of the foot nto adduction After orthopedic correction, the body

weight thrust now goes straight through the talus, nasvicular and out to the toes Beforc complete correction
1s achieved the navicular must be Iined up direetly ahead of the talus

shufting of the first metatarsal head away from
the second

Hallux valgus 1s a subluxation of the first
metatarsal head 1n relation to the base of the
prosimal phalanx of the great toe. The sub-
lunation causes the great toe to be adducted, ex-
posing the first metatarsophalangeal jomnt to
mnjury or friction It 1s probably one of the most

Taukr 243 Tahipes calcaneosarus

painful and disabling foot conditions Because
of abnormal tendinous pull there 1s an accom-
panying shuft 1n the position of the sesamoids of
the flexor brevis tendon.

It 1s unusual to find hallux valgus deformity
1n an otherwise normal foot Commonly associ-
ated with hallux valgus are an enlarged second
metatarsal shaft, a short first metatarsal, and a
hypermobile first metatarsal segment

Ficure 241 Talipes calcancovalgus



FOOT MECHANICS AND DEFORMITIES

277

FiGUre 245A
FIGURE 245 Malalignment of tibial axis Patient A
girl 215 years old weighing 31 pounds (14 kg)

History Mother brought child for physical examination
mnasmuch as she became concerned because the youngster
was not walking The baby tried to get about on her knees
but made no attempt to stand ‘There was no history of
tnjury and bicth had been uncomplicated Child appears
normal and healthy and 1s not mentally defective
Roentgenography  Anteroposterior views of ankles and
feet reveal a tibial anis displacement on the rnight The
central axis of the tibia on the left passes through the second
toe In the anteroposterior aspect of the right foot, compared
with the left, the talus 1s pracucally at right angles to the
calcaneus Imterpretatron. Malalignment of the ubial central
axis of undetermmed ongin No evidence of bone or joint
disease

Determmation of difference of length of ex-
Irenuties  For a prelimmary determination, the
patient must remove his clothing and lie flat on
his back A steel tape measure 1s held at the tip
of the anteroposterior 1l1ac spine on one end and
the length to the tip of the medial malleolus 1s
computed The measurement of the other ex-
tremity 1s also taken Any variation 1n the two

Ficure 245B

figures 1s the amount of difference Roentgeno-
grams of pelvis should be taken to corroborate
any clinical observations (Figure 258)

POSTURAL PELVIC STUDIES IN
RELATION TO THE FOOT

It 1s becoming increasingly apparent that
many mechanical foot ills have their origin 1n
the pelvis and that pelvic changes can be trans-
lated into changes in the foot Jones, Gold-
thwait, Dickson and others have long associated
foot pains with leg aches and low-back pains A
discussion on posture, pelvic anatomy and pos-
tural pelvic ilms seems to be mn order

All movements of the foot cause like move-
ments n the hip Jones in his Low Back Pamn
has demonstrated this point When the hup
moves, a pelvic tilting takes place which can best
be shown by roentgenographic study of pelvic
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FIGURE 246A

Ficure 246B

Ticure 246  Congemtal malformation of foot (A) Oblique view (B) Lateral view  Patint
A young mwn of 25 years weighing 143 pounds (65 kg ) Husrory Defarmuty 1n the left foot as
long as he can remember  Roemgenography Anteroposterior view reveals a congental malfor-
mation of several bones of the foot with considerable clongation of the metatarsals  The cuner
forms, cubard and talus are correspondingly smaller than one should expect to find m a foot of this
stze. The talus and calcancus e deformed, presenting a bizarre configutation  Inserpretation
Congerutal malformation with the horizontal axis of the left foot parallel to the tibial axus nstead
of the more normal perpendicular relattonship

ticure 247  Result following wple anthrodesis General alignment and position of tarsal and metatarsal bones ate goad
since surgical teconstructioa has been excellent  The suhastragalar, wlonavicular and caleancocubord juinte show strong
bony union
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FIGURE 248A

posture in standing position The structure pos-
terior to the pelvis 1s the sacram which 1s the
base of the spinal column Within the sacrum
are contamned nerve roots, grouped together as
the cauda equina If pressure 1s exerted at this
base of the spinal cord, tenston follows higher
up 1n the vertebral column

For years pelvic films have been taken with the
patient in reclining posttion which 1s not condu-
ctve to study of postural change Difference mn
length of legs can only be shown by standing
Measurements taken with tape and pelvic roent-
genograms with patient in non-weight bearing
supine position have given faulty information

Approximately 80 percent of various neurolo-
gic, chronic low-back pain, paimn in the legs and
feet have therr origin i faulty foot posture
and if corrected will relieve symptoms and pos-
sibly complete correction if treatment 1s contin-
ued Shipp and Haggart in a series of 100 cases
of low-back pain found a hardening at the sacro-
iltac jomnt 1 all of them, 98 percent of them
improved with postural muscle tramning

FiGURE 248B

FIGURE 248 (A and B) Two months after figure 247 As compared with carlier films, the subas
tragalar arthrodesis reveals further evidence of bony umion The calcaneocuboid and talonavicular joints

also give shight indication of further umon
a mild varus deformuty

The proxmmal phalanx of the great toe 1s twisted 1nto
All bones of foot reveal marked ostcoporosis
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FiGurr 249A

Tietkr 219 (A and B Malahgnment of tarsin Patient Street €1 motorman 43 years of spe weghing 167 poumds (757 kg )
Heuory  Pamful right foot for over hve years The foot had been injured by a falling stecd baam Placed 1 a ¢, at Ind re
mataed smmebilssed for theee months Roereger agraphy  Antecoposteriar and lateral siews of night foot reveal (1) Shorn firv
meeatarsal  (2) Hyperteuphied elongited <econd meratar<al (3) All four lesser metwarsals are wider than those of the vi
aFected Teft foort (1) Sesarords seem moth caten () Tarsal bones of night foot appear moth e1ten wath roentgenalucent
ate s an o some foss of trabecular pattern A notible disturbance 1 the alignment of the twsal bones 1 evident (6) Tl e antste
tanne stems to he mehally rorted (7)) Betvween the Gest and second matatanal bases in the soft tissue, 2 acedle i« ovdent
() Deorlerfication of all bones of font



' FOOT MECHANICS AND DEFORMITIES 281

FIGURE 249B Malalignment of tarsus, lateral view

In years past postural foot correction was
used for alleviating foot pains We now find
that the methods and principles cover a much
wider field Many cases will be found 1n which
the foot 1s not always the most painful area A
postural change in the foot 1s translated into a
stmilar change 1n the leg and this finally causes
a pelvic change This sertes of changes 1s re-
sponsible for the symptoms of general fatigue,
foot and leg aches, low-back pain, nerve root
pains, with sciatic neurtss the most common

Standing Postural Antetopostertor Piojection
of Pelvis The hip jont 1s a poorly located, ana-
tomycally difficult region to expose for roent-

genographic study It 1s deeply situated and not
easy to palpate, nor 1s 1t simple to locate uni-
form landmarks

The articular area of the femoral head 1s su-
perimposed on the acetabulum or some portion
of it Then, too, the upper end of the shaft of
the femur may show distortion since both neck
and shaft are not in the same plane Roentgen-
ography of pelvis and hip joint brings to light
postural mstabilities, congenital, traumatic and
pathologic processes

Anatomy The hip jomt 1s a ball and socket
joint made up of the convex circular head of the
femur which fits into the cup-shaped acetabulum

FIGURE 250 Pes cavus
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of the outer margin of the hip bone The joint
15 held together by a strong articular capsule

The femur 1s the longest and strongest bone
1 the body and undergoes extreme stresses and
stramns  The head of the femur forms shightly
more than a half sphere and in the erect position
1t 1s directed supertorly and medially The neck
of the femur 1s the connecting “rod” between
the head and upper third of the shaft

The Irochanters The greater trochanter
(trochanter major) 1s a fairly large bony prom-
mnence sttuated posterior and lateral to the neck
of the femur The lesser trochanter (trochanter
minor) 15 situated posterior and inferor to the
neck of the femur Two raised lines join the
trochanters anteniorly, the intertrochanteric
line and posterorly the intertrochanteric crest
Bridgman states that the neck of the femur
meets the shaft at an average angle of 125
degrees

Acetabnlum  The acetabulum 1s a deep con-
cavity in the lateral margin of the hip bone

Two surfaces form the cavity a nonarticular
and an articular

Roentgenographic Anatomy (Figure 259)

The roentgenogram demonstrates the ana-
tomic relationships of the pelvic bones as seen
in a bilateral anteroposterior projection of the
hip joints The main structures include (1) the
sacrum, (2) the ilium, (3) the ischium and (4)
the pubis The obturator foramen (5) 1s of im-
portance because of 1ts nearness to the hip joint
The symphysis pubts (6) and the antertor supe-
rror spine of the slum (7) are landmarks of
importance Formung the hip joint 1s the aceta-
bulum of the pelvis (8) and the head of the
femur (9) In routine pelvic posture studies
the neck of the femur (10), the greater trochan-
ter (11), the lesser trochanter (12), and the
upper one third of the femoral shaft (13) can
be seen

Localizatron Brailsford determines the trans-
verse plane 1 utilizing a pomnt in the median

FioLer 251

Pes cavus, severe
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FIGURE 252 Schematic drawing of hallux valgus

plane halfway between the transverse planes
passing through the anterior superior spine of
the 1lum and the greater trochanters

Clark makes use of two points

1 A pomnt m the mudline two inches (51

cm ) caudad to the transverse plane
through the anterior superior spine of
the 1lium
A pomt 1n the midline one mch (25
cm ) above the superior border of the
symphysis pubts

Anteropostersor  Projection The patient
stands with his back against a mounted wall
cassette that 1s so adjusted that the center of the
film will match the localization point The body

[

"4’@*;‘:‘4 {3 e,
» .

FIGURE 253 Hallux valgus with loose body discernible at
the posterior medial angle of the proximal phalany of the
second toe

FIGURE 254 Secvere hallux valgus (1) The first metatar
sal head 1s about 24 subluxated from s corresponding
phalangeal base (2) Both sesamords are displaced into
the first intermetatarsal space  (3) Exostosis on internal
cunciform  (4) Complete subluxation of second metatar-
sophalangeal joint Parual subluxation of third metatar-
sophalangeal joint (5) Rotation of both the proximal and
dsstal phalanges of great toe
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FIGLFF 235 (1) Extremc

Hallux valgus, post operative
hpping at medial articulating base of first proximal pha
Jinx  (2) Dvidence of osteophytes at lateral articulating
space bhetween first metatarsal head and base of the first

(3) Posterior displacement of both
sesamoids

proxtmal  phalanx

weight should be evenly distributed on both
feet The arms hang freely at the sides A com-
pression band may be tightened across the
upper part of abdomen The central ray 1s di-
rected perpendicularly to the center of the cas-
sefte through the Jocalization point

Unequal Leg Length  The position of the sa-
crum 15 such that it 1s wedged between the 1liac
bones and 1ts base 15 a platform on which the
vertebral column rests  When the sacrum 15
forced from one side or the other, the spinal
column will be thrust away from the midline
and tiit towards the lower of the two sides
Somic of the common causes of shortage include
pedvic deformuty, jont diseases infannle paral-
ysis and congemtal dislocation of the hip

Keltett Smthon 1911 devised a pelvic leved

TiIGURE 255 1A Left foot

FiGurr 2551 (A and B) Hallux salgus complicated by
extreme erosions and dislocitions  Patient A woman about
65 years old  History of this casc 1s not unfthe usual hal
fux valgus histories no factors other than mechanical—no
arthritis, for mstance—to account for this advanced destruc
tion  Strangcly cnough, the patient can walk on these feet
fairly wddl and there 1s not the lindrance to locomotion that
one would expect Nether 1% there any undue discomfort
Roentgeragrapbs  The accompanying roentgenograms <how
a starthing prcture of dislocations and crosons Associated
with an cxtrem¢ type of bumon and suggesting complete
disabibity It will be noted that the proxaimi phalanx af
the nght foot 1s completely dislocated from the hexd of
the first mettarsal bone  The metatarsal head has been
undertasng erosion for years The second and thed provumal
phalanges ar¢ also completcly dislocated, conuderable ero
sion has occurred at both of these mutatarsal heads abao
The left foot presents a typrcal wdvanced hdlux valgus
IFrom the fites of 3 W 0 relingles)

To use 1t, the patsent stands erect, shoes off and
hips exposed A mark 1s placed over each ante-
nior supenor thac spine The mstrument 1s 50
placed that sts upper edge covers the two marhs
If the level 1s centered the two legs arc proved
to be of cqual length If it docs not indicate
leved, horizontal wedges of wood of Fnown
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thickness are placed under the foot of the short
side until the level 1s centered

This method presupposes the pelvis to be sym-
metrical and that the anterior superior spines
above the acetabulum are of a fixed pont

Summary. Goldthwait states that “to stand
erect, to walk or move easily, to have the various
parts of the body as perfectly adjusted that easy
balance and graceful use must result 1s to be de-
sired for reasons of far greater importance than
the esthetic Such elements are of absolute 1m-
portance for perfect health and the fullest eco-
nomic efficiency ” Further 1n Goldthwait’s ex-

#

FiGurE 255 1B Hallux valgus Right foot

b

FIGURF 256  Metatacsus latus (splay foot) (1) Obsesve L \
wide fanning out of the metatrsals (2) Hallux valgus
(3) Displaced sesamoids  (4) Sublunation of the first and

second metatarsophalangeal joints FIGURE 257 Schematic drawing of a short leg
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perience “treating the foot alone will result in
only partial correction * It has been shown by
Jones, Dickson, Goldthwait and others that
changes n the function of the foot are trans-
lated into alterations in the bones and muscles
above the foot Man 1s prey to a multitude of

ills and correction of postural faults and defects
will not be a panacea for all of these 1lls How-
ever, we cannot overlook the fact that 1t will be
a most important factor 1n minimizing the seep-
age of energy and decreasing friction and thus
prepare the body for the road back to health

FIGURE 25%

Standing pelvis

Note that night extremity 1s ¥4 anch (127 ¢m)

shorter than the left.
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FIGURE 259 Roentgenographic anatomy of the hip jomnt as seen 1n the bilateral anteroposterior projection

9 Head of femur
10 Neck of femur

5 Obturator foramen
6 Symphys:is pubis

1 Sacrum
2 Ilium

11 Greater trochanter

7 Anterior superior 1l1ac spine

8 Acetabulum

3 Ischium

Lesser trochanter

12

4 Pubic bone

13 Shaft of femur

Courtesn C T Brndgman Esstman Kodakh Compant
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FIGURE 260 Relation of palpable osseous landmarks to various localization points recommended for bilateral anteroposterior
roentgenography of the hip joint, A Transverse plane through the anterior superior thiac spines B Transverse plane through
the great trochanters € Supenior border of the symphysis pubis D Median plane E One half the distance betncen the
transierse planes through the anteror supenior 1hac spines and the superior border of the symphysis pubis F One third of
two thirds the distance between the transyverse planes through the anterior supenior thac spines and the supenior border of the
symphy«is pubss, measured caudally a2 a—Brailsford s method for determining the localizaton point, b-b—Clark s method for
determuining the localization point
Courtes € F Budeman Malieal Radiogiaphiny and Photogesphy
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FIGURE 262A  Soft-tissue roentgenography, low kup, lateral aspect

34 kvp
150 ma s (50 ma-s at 3 seconds)
40 1nches (101 6 cm ) distance



290 ROENTGEN FOOT DIAGNOSIS

o,

Ticurr 2628 Soft tissue roentgenography, lou Fep, Ficury 263B  Soft tissue roentgenogeaphy, brsh fip
anteroposteripr aspect anteraposterior aspect
31 hvp 80 hap
130 mas 30 mas

10 nches (101 6 cm ) distance 36 inches (9141 cm ) distance
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FIGURE 263A  Soft tissue roentgenography, bigh kip,
lateral aspect

80 kvp
22 mas
36 1nches (9144 ¢cm ) distance
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Ficirr M504B Tt foot anteropostenor vew Iiurr M3504A  Right foot anteropostersor yiew

Ligire M504 (A and B)  Moderite metatarsus varus Patient Apparently hethy white giel 8 years of age  Hestory Clhulil

has walked wath the nicht foot m a moderate degree of 1nversion since she began to toddle at the age of 1 year Phyncad Ia

ar i aen Range of meotion of foot an ankle s normal  Raght shoe  bulging of outer counter and night ficel wom down on

tuter barder  Roentgerarriphy  Juxtapostion of 1l four Jesser metatarsals in both feet  The normal paralled pattern 1 dix

turb-d  Second, third and fourth mctatacals overlap half down therr shaft posteriorly  Zigzag transverse metatarsophalan

£eal axey more pronounced in left foat Oberve oo the saere zigzag deviation o the  metvwarsophatangeal sep ment longs-
twdinally sn relation to the normal weght-hne
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Ficure H549 (A, B, C, and D) Hallux valgus, postra-
chitic deformity with juxtaposition of metatarsals and pha-
langes Pattent white man 34 years old, thin, emaciated and
underweight, appears much older than his years Histor)

Patient reports history of richets Foot difficulties began at
the age of 14 years with symptoms confined to the balls of
the feet The left foot gave him more trouble than did the
rght one Physical examinaizon (1) General emaciation
(2) Pulses normal (3) Extreme contracture of fore part of
foot (4) Skin moist and macerated on plantar areas and 1n
mterdigttal spaces (5) Extremely heavy callus on balls of
both feet (6) Panful heloma durum on all lesser toes
(7) Rachitic rosary Roentgenography Bilateral hallus val-
gus, more pronounced in left foot Note juxtaposition of
third, fourth and fifth metatarsal shafts in the anteroposterior
views The prouimal phalanx of fifth toe (in both feet) 1s
completely off the articulating surface of the corresponding
metatarsal head There 1s loss of joint space at first metatar-
sophalangeal joint 1n left foot with “hooding” of proxtmal
phalanx  Sesamoids are displaced and exostoses appear at
dstal phalanx of both great toes, medial margin near articu-
latirg base FiGURE H549A  Anteroposterior view, right

foot Note buckling of fifth digt.
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FIGURE H549B  Lateral view, nght foot
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Ficure H549C Hallux valgus Anteroposterior view, left
foot Note loss of joint space at first metatarsophalangeal
jomnt, with “hooding  of proximal phalanx

Cieter HS 19D Lateral vew  deft foor  Note posiuon of hanes distal
to the head of the fifth metatar<al
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FiGure H642 (A, B, C and D) Hallux nigidus  Patent
Healthy white woman, 40 years of age, complains of pan
at first metatarsophalangeal joint History Pain has persisted
for about 2 years and increases with changes of weather Pa-
tient has tried commercial appliances and various so called
health shoes but these afford hittle relief Physical Examiina-
tion (1) Dorsi- and plantar flexion of left great toe 15 lim-
sted and painful (2) Heavy calluses at ball (both feet)
(3) Palpation of second metatarsophalangeal joint, both feet,
extremely painful Roenrgenography Both feet (1) Marked
hypertrophy of second metatarsal shafts (2) Overriding of
second and third metatarsophalangeal jownts (3) Spur for-
mation at base of distal phalanx (4) Downward and 1in-
ward displacement of navicular (5) Os trnigonum (unat-
tached) Left foot Note metatarsus varus primus and flat-
tening of base or proximal phalanx, also small spur at head
of first metatarsal as well as the one on the distal phalanx
Ficure H642A  Anteroposterior view, right foot

FiGURE H642B  Lateral view, right foot
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FiGURE P648 (A, B, C and D) Pes cavus, severe, asso-
crated with ankylosis of structures 1n fore part of foot Pa-
tient Well-bmlt white woman 48 years of age complains of
disabtlity and pain confined to the ball of each foot, but 1n
exaggerated degree 1n left foot Hirstory Tenotomies were
done on all five extensor tendons of both feet about ten
years before present consultation but the desired relief was
not forthcoming Patient had scarlet fever at the age of 4
Physical Examimatron (1) Middle-aged woman 1n apparent
good health (2) Scars on dorsum (both feet) as result of
tenotomy (3) Extremely thick calluses at first and fifth meta-
tarsophalangeal joint of left foot (4) Pes cavus (5) Dorsi-
and plantar flexion 1mpossible (6) Toes do not touch hori-
zontal plane on weight bearing Roentgenogrdphy Lateral
projections show high grade pes cavus and the anteroposte-
rior views show a distortion of four lesser toes, also junta-
posttion of all metatarsals The four lesser metatarsophalan-
geal joints appear to be ankylosed Note abnormal pitch of
calcaneus and the zigzag pattern of the transverse axis of the
metatarsophalangeal hinge, also the zigzag path of weight
transmussion longitudinally FiGURE P648A Anteroposterior
projection, left foot

FiGURE P648A  Left

FiGURE P648B  Lateral projection, left foot
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FIGURE NGSSA  Anteroposterior projection, left foot Ficure N655B  Anteroposterior projection, right foot

FIGURE NG55 (A and B)  Underdevelopment of night navicular Patient A whate boy 6 years of age, thun and nervous  firs-

tory The child began to walk at 13 months He has been wearing ‘orthopedic’ type of footwear for 2 years Mother states

that the child has limped on left foot for several months and reports a further history of mumps, measles and virus pneumo-

na Physscal Exammation The chuld has a narrow type of foot Both fect are pronated and there 15 marked bromhidrosts

Roentgenography (1) metatarsus varus primus (2) mnward thrust of talus (3) Picture of left foot reveals underdervelop

ment of navicular, the corresponding bone 1n night foot 1s norma! This 1s not typical Kohler s discase and should be differ-
entiated from 1t
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Ficure B667A

FiGure B667 (A and B)  Hullux valgus Patient Marmed
white woman aged 32, complaint pan (1) through the
back of left leg (2) at ball of both feet, exaggerated in
left, (3) left metattcsophalangeal joint  Left foat and nkle
swollen most of the dav  History  Very panful left foot for
about 20 years Special shoes that had becn ordeted 4 num-
ber of years ago pave temporary rchied  Physical Obiert t-
yons Patient appears well nourtished There s restriction
of dorsi- and plantar flevion, left foot. Roentgenography

Picture reveals hallux valgus with displaced «csamoid  Mcta-
tarsophalangeal hinge presents a zigzag break in s transverse
axis while the longitudinal segments form a zigzag pattern
to the line of weight  As 1 consequence of the former, there
15 distortion tn the leverage of the transverse metatarsopha

langeal series as a umit, and of the latter a faulty distnbu

tron of woght mto the digits for * take-off © There 15 also
indication of cortical hypertrophy  FiGure B667A  Left font,
anteroposterior aspect  Note angulatibn of first metatresal
scgment, displaced sesamord and thickening of second meta

tarsal

s ter BAAB 1eft fia 1 datesal oblique aopet Note otenm cunfornation of it metataesal bead
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Ficure H773 (A, B, C and D)  Hallu\ valgus, lowening
of external and internal border Patient A white man aged
37 years apparently 1n good health Hrsrory Patient com-
plains of pain 1n balls of both feet for over 10 years There
1s pain at great toe joints particularly 1n the left foot Physr-
cal Examinatron  Pulses are normal Dorsi- and plantar
flexion of foot on leg 1s limited and carcumduction of first
metatarsophalangeal joints of both feet very painful Painful
varicosities noted on lateral border of both legs Roentgen-
ography Bilateral hallux valgus with displaced sesamoids
and cortical hypertrophy of second metatarsal shaft Angle
C 1n left foot (Figure H773C) indicates lonenng of extcr
nal margin of foot by 11 degrees Angle A (1n both fect)
indicates lowering of internal arch by 15 degrees Ficure
H773A Anteroposterior view, right foot

3
L
e
“ "

RN et

+

5

T L L

4
I3
'3

e e B
-1
v

A,

-

.'l—.—:;., . s

)
1
}

v p™
.
1
?

Ficure H773C Anteroposterior  view, left foot Note
overnding of second, third and fourth metatarsophalangeal
joints
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15 degrees off, Angle B—10 degrees, An-
D—12 degrees

F
IGURE H773D  Lateral view, weight-bearing left foot Angle A—143 degrees,
gle C—161 degrees, 11 degrees off, Angle
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Cineroentgenography

Cineroentgenography 1s a procedure for mak-
g motion pictures from rapid exposure roent-
genographs  This 15 the direct method

Cinefluorography 1s the indtrect method and
cntails the making of motion pictures of x-ray
images from the fluoroscopic screen  The uses
of ather cmeroentgenography or cinefluorogra-
phy have held the attention of roentgenologists
and physiasts for over forty years Its future
will Ite 1n improving the methods for achteving
better visualization of structures that now are
poorly secn 1n a fluoroscopic examination, be-
cause of insufficient light The greater the
amount of light made available, the less danger
to the subject under esposure or to the worher
For pood cineroentgenography made by the -
direct method, a new mechanism providing 1n-
tensely bnlliant fluoroscopic 1mage of good
defimtion must be devised  The intensity should
be at least several hundred times brighter than
now possible 1if a clear picture 15 to be recorded
cincroentgenographically.

Jarre discusses the ongin of tlis technique
I'he Scente of Radrology

It was first used by MacIntyre of Glasgow
1897 Although stidl relatively new, the possi-
bilities of uneroentgenography are patent A
numbcr of mvestgators use this method as an
additional wid - cstabhishing diagnosis and 1t
probably will be aceepted as diagnostic evidence
I Many cases

Ramsey, Reynolds and others behieve that in
anerocnpenography we may have an approach
to the problem of studying the normal and
abnorm ! dvnanues of complieated funcrions,
expeutaliy m bocomotmn both normal and ab

normal, which today 1s found wanting in routine
roentgenology

The potentialities for the use of cineroent-
genography mn the mechanism of locomotion
has recetved some study, but the work 1s still
in experimental stage Most of the efforts n
this field of diagnostic roentgenology to date
has been devoted to observation of the heart as
it 15 2 moving organ and can be more adequately
studied by motion pictures than by the static
fluoroscopic screen or roentgenogram

At the present time studies have been made
in cerebral palsy, and orthopedic surgeons are
enthusiastic about the results 1n studying com-
plex motions ,The actual process of producing
a relatively slow motion from 25 to 60 frames
per second 15 of special advantage m the study
of raptd movements of parts, such as the foot,
knee and hip
" Cineroentgenography by the direct method
depends on taking a group of regular roent-
genographs 1n rapid succession  This group of
pictures 1s then transferred to 35 mm cinemato-
graphic film to be projected on a screen
- The mdirect method takes a photograph of
the mmage 1n the fluorescent screen on 16 mm
cinematographic ilm from six to 25 frames per
second, cach frame 16 by 11 mm and approvs-
mately three feet (914 em ) of film for cach
recording  Automatic exposure switch allows
the a-ray tube to be energized only when the
frame 1s 1n position in the camera Photographic
technique which ehmmates any dark phase thus
uses the extra exposure time to advantage

Cineroentgenography of the ankle would re
quire about 25 frames per sccond, total camera
time of 10 seconds, for one tecordmg cxposes
the patient for only five scconds
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Cineroentgenography

Three frames from cineroentgeno-
graphic film of foot in action Enlarged
from 35 mm motion picture stnp Sce
- Figure 264, pages 306 and 307

Dse Idee st ewrg und emzig Alles, was
wn gewahy werden und woton wir reden kin-

nen, sud nur Manifestationen der Idee (Kisch)
—GOETHE
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FIGURE 264 Beginming of step Cineroentgenography of foot mn action representing one step
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enlarged from 35 mm cineroentgenographic ilm  Note calcaneal exostosis  End of step
Courtesy, Ruewell I Revmolds Tandon



To use books 1:ghtly 15 to go to them foi
help, to appeal to them when omr own knowl-
edge and power fall, to be led by them mto
wides sight and purer conception than our
own, and to 1ecetve from them the united sen-
tence of the judges and councids of all time,

agamst ous solitary and unstable opmions

—RUSKIN
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Abduction violence 1n anhle imjuries, 71
Abscess, periosteal, 1n osteomyelitis, 185
Abscess, tn tuberculosis, 195
Achilles tendon, calanosis, 201-206
Achondroplasta, 33
Acromegaly, 30, 211
Acute bony atrophy, 30
Acute osteomyelitis, 183-186
Adduction violence 1n ankle 1njuries, 71
Afferent impulses, 137, 143
Aging process n diabetes, 198
Agenesis, bones, 25-27, 31, 38
Ainhum, 194-196
Allantoin, 148, 149
Alterations of growing bone, 28, 29, 30
Aluminum filters, 8, 9
Amphuarthrosts, 130
Amputation, 127, 242
Amputation, spontaneous
sn amnhum, 196
in diabetes, 196
1n Madura foot, 194
1n osteomyelitis, 188
Anatomy, 15, 18, 20, 47-66, 287
Landmarks, 47, 49, 50, 288
Pelvic, roentgenographic, 287
Surface, 48, 49, 51
Ancsthesia 1n traumatism, 137
Angioma, 230, 244
Angrosarcoma, 226, 228
Angioneuromyoma, 230
Angiospasm, 242
Ankle, 47, 53, 54, 56-58, 62, 63, 66, 69, 70, 74, 81, 86,
157, 226, 229, 249 .
Arthropathy, 57
Charcot s disease of, 157
Fracture, 69, 70, 74
1n hypertrophic arthntis, 44

Metastatic carcinoma (with pulmonary 1nvolvement), 229
Osteogenic sarcoma, 226

Soft-tissue roentgenography, 249

Sprains, 69, 70, 81, 86

Ankylosss, 85, 127, 135, 144, 146, 159, 167, 171, 194
m vanola, 194

omalies, congenital, 25-35
Antertor metatarsal spring (“break ), 48, 256-260
Anterior tibial veins, phleboliths, 241
Anteropostersor projection, 52, 53, 56, 62, 63
Aplasia, 25
Aponcurosxs, 1n calcinosis, 202
Apophysitss

Galcaneal, 108-111, 113-116, 263
Tibial, 109

Arhorea) life, foot, 15, 16

Arcolae, prnimary, 22

Arterial spasm, 248

Atteriogram, normal, 246-248
Artenographxc studies 1n leprosy, 168
Artcnography, 244-251

Artenosclerosis, 138, 141, 144, 196-201, 241~244
in Buerger s disease, 242
in diabetes, 196-201
of dorsalis pedis artery, 244
Arteritis, 244
Arthntis, 31
Atrophic, 143, 146-149, 162
Cartilaginous changes, 144
Chronuc, 36
Chronic, 1n gout, 151
premonitory symptoms, 149
Degenerative, 137, 143, 151
Dufferential diagnosis (Table F), 162
Faulty posture, 162
of foot, classification, 143, 144
Gonorrheal, 144, 153, 162
Hypertrophic, 126-136, 138-145, 162
Hypertrophic, first metatarsophalangeal joint, 130-133
Hypertrophic, second metatarsophalangeal joint, 134
Hypertrophic, third metatarsophalangeal jont, 156
Hypertrophic, navicular, 138-141
Hypertrophic, calcaneal, 138
Hypertrophic arthritis, Table E, 144
Infectious, 144, 151
Metabolic (gout), 144, 146, 148-155, 162
Osteoarthritis, 138, 143, 151
Overweight 162
Proliferative, 36
Pyogenic, 144, 151, 158, 159, 162
Rheumatord, 143
Senescent, 151
1n syphilss, 162, 193, 194
Traumatic, 144, 158~162
Tuberculous, 143, 144, 151-153, 162
Arthrodests, 74-77, 278, 279
Arthrography, 56, 57, 65, 66, 251
Arthropathy, see Charcot s joint,
Tabetic, 192
Articulation, see joint
Aseptic necrosts, 107-120, 191
Asiaticoside, 167
Astragalus, see talus
Atrophy
Bone, 30, 31, 36, 152
Cortex, 33
1n leprosy, 170, 171
Second metatarsal, 37
Fourth metatarsal, 128
of Sudeck, 32
Autotransformer, 4
Avitaminosis 1n osteomyelitis, 184
Avitaminosis, Table H, 207
Axial position, 52, 54, 60, 61, 64, 74

B
Bamberger-Mane discase
Osteoarthropathy of extremitres 1 relation to pulmon-
ary neoplasm, 179, 180, 235-237
Bas-relief
Ankle, 157
Anlkle and lower leg, 226
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Bimualleolar fracture, 72 Soft-tissue 10 Wermner s syndrome, 182
Biparitte first cunetform, 23 24 Calanosis, 201-206
Bipartte sesamord 83 Aponeurosts, 202
Blood sugar lesel, 196 Chinodactylism, 202 203 -
Bloed unic aad, 84 Cutis aircumscenipta, 201
Bone Differential diagnosis 202
Alterattons 1n growang bone, 28-30 Interstitiahis, 201 202
Aseplic necrosis 107-120, 191 Lippiog, 210
Atrophy 30, 31 Microdactylia 202 203
Benign tumors, 211-217 Muscle, 201
Cancellous 11 19 21, 30 31, 116, 131, 132 Myositis ossificans progressiva, 202, 249
Changes in diabetes, 196-201 Synosteosts 202
Changes in hypenvitaminosss A, 206, 207 Tendon, 109 201-206
Changes 1n toxicoses, 178-182, 206, 207 Unnversalis 202
Changes 1n avitamunosts, 172, 176-178, 207 Valgus posiuon, great toe, 202
Configurations, 11 Calcium depositions, 4, 12, 17, 21, 22, 127, 135, 143
Cysts 28 188 210 225, 227, 231 1n diabctes, 198-201
Destsuction 1n frambesia, 194 Subcutaneous, 201, 202
Destruction 1n syphilis 193 1n voluntary muscles, 201-206
Destruction 1n tuberculous process, 152, 195 Calcium
Destruction 1n tumors 211 Metabolism 172, 201
Development, 20 Rangs, 181 .
Hooding in leprosy 163 Tungstate, 2
Loose bodies 126, 131 134, 144, 157, 159 Callus
Lamella, 130 Bone, 34, 72, 79, 82, 87, 88, 96, 143, 157
Malignancgy  periosteal rection, 130 Shin 101 120, 132, 140, 112, 144, 182, 196, 224, 260,
Mahgnant tumors 217-233 263
Marrow, 135 Canaliculi, 21
Matnx 21 22 Cancellous hone, 11, 19, 21, 30, 31, 116, 131, 132, 135,
Necrosus, 127, 186 197 180, 185
Osstfication charts and tables 16-20 ‘Candy stick’ resorption 1n leprosy. 164, 167, 171
Resorption an leprosy, 170 Caranoma 217, 229, 232-235
Resorption 1n ainhum, 194-196 Cartilage, 17, 22, 130 135,136
Sircoma 130, 218 in hypertrophic arthntis (gout), 146
Sclerosis 143 180 181 ) Matriy, 136
Spacules 130 Nutriment to 136, 138
Tumors, 211-235 in plumbism, 180
Bonmn J G. 51,56 57, 65 GG, 251-311 Cartilaginous damage, 74, 151
Buerger < disease 237, 238 1n plaques 130
Bursihis 151 i tuberculosts 143 151, 132
1n tumors 213, 215
C Cathode, 2, 6 7
, 20, 31, 109 146 180, 206, 512 Cellulose acetate 3
C"S‘f;‘;‘,,]:;;;‘ a2t e ? Cellulitis 186
Cakaneocubind joint 74 Q1 Center of gravity 17

Centers of ossification 16, 17, 21

Charcot s joint, 138 143, 154 155 156, 171 193
m syphihis, 193

Chaulmoeogrt onl 1n leprosy, 167

Chemotactic teaction 211

Calcancas 19-20, 23 4710 80 8t
Apaphyatis, 108-111 113116, 263
Cangemital deformuty, 38
I pipbysis 113
Trostosis, 125, 129, 138, 130, 141 144, 117, 148, 212,

A03 215 216 293 Chup fractures 11, 69, 70, 81 86, 90

Iooerure 71 73 74,76 77 Chondroma 215, 229
Hypertophic arthons, 138 Chondtomyxosarcoma 213, 215 219, 227
Qstatis 125 Chondtosarcoma 215 226
hveopnelies 184, 190 Chupart s joint 158
Permstis 128 Chromc mteomyehus, 186
P wioming 5% 60 Crcatrx, sessels 1in diaberes, 198
‘;i"‘f-"!m& ’3;(‘5’1 Cincroentgenography, 304-30%

A3y <R - Clartk, K €, 217 283,352

Calufcatinn of hlomd vessels
932
c:!?nd {“E:‘T He 193200 Chnodactylem 202, 203
e Clubfoor, see Talips
alis pedis artery 193, 284 '
g’:m,: i,:,‘ ‘;-;i " N Cocadimdes pamitis, 1n osteamyelstic 183, 169, 104

Treepelar 18 Cohnlimim ¢ thenry, 211

Climate, in leprosy, 163
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Collagen formation and vitamin B complex, 207
“Collar button * resorption 10 leprosy, 164, 167
Comparative anatomy, 15
Compresston violence 1n ankle injurtes, 71
Congenttal deformuties, 25-42
Coatractures 1n tuberculous process, 152
Following 1njury, 224
Contrast medium, 56, 57, 245-249
Cooltdge step down filament transformer, 6
Coolidge tube, 2
Copper anode, 7
Cordingley, E W, 284, 313
Corpuscles .
Blood, 20
Meissner s, 1n nevocarcinoma, 234, 235
Pacsnian, 136
Corten, 17, 19, 21, 30, 31, 35, 135, 145, 146, 182, 194
Eburnation 1n syphilis 194
Erosion, 135
Hyperplasia, 146
Medulla dissolution 1n osteomyelitis, 188
Narrowing 1n Wermer s syndrome, 182
Thickeming 1n fluorosis, 181
1n osteomyelitis, 186
in syphilts, 191
Thinning tuberculous process, 152
in Werner's syndrome, 183
Tumors, bone, 211, 223
Cotton's fracture, 69, 71
Coxa magna, 108, 109
Coxa plana, 107
Cretinism, 30
Crookes, tube, 1
Crushing injuries, 80, 99
Crysolte, 181, 182
Cubord, 16-20, 78, 80-82 -
Fracture, 80
Secondary, 23, 24
Cuneiform, 16, 19, 20, 23, 47, 81, 82
Bipartite, 23
Degenerative changes in hypertrophuc arthritis, 138
Exostosts, 213
Fracture, 82
Spurning, 85, 213
Gysts, 28, 143, 171, 188, 212, 217, 223, 225, 227, 231
Bone lesion, 28, 188, 212, 225, 227, 231
Calafied parasite, 231
Ganglionic, 140, 231
Soft-Tissue, 223
Subchondral, 1n leprosy, 171
Synovial, 231

D
Dactylitis, 194

Tuberculous, 195
gactylolysxs spontania, 196
De;alcxﬁcatxon, 31, 125-127, 129, 146, 152, 170, 246
ctormities and mechanics, 74, 255-307
Congemtal, 25-42, 278
fumatic, 74
egenerative arthutis, 137
CNse negatives, 10
quamation, 151
eveloper, 10, 12
clopment of film, 9, 10
evelopment of foot, 17-21

]

Diabetes mellitus, 196-201
Arteriogram of gangrene, 251
Arteriosclerosis, 196, 198, 199-201
Calcum metabolism, 201
Carbohydrate metabolism, 196, 197
Concomutant bone lesions, 196-201
Drop foot, 199
Insulin, 196
Islands of Langerhans, 196
Neuropathy, 195, 200
Osseous changes, 197-201
Respiratory disorder, 200
Vascular calcification, 201
Vascular disturbance 1n young patients, 198, 201
Xanthoma of bone, 230
Duabetic gangrene, artertogram, 251
“Diabolo” resorption 1n leprosy, 164
Diaphyseal casies, 191
Dickson s classification of anlkle fractures, 69

Dufferential diagnosis (tuberculous arthritis) Table I, 162

Differential diagnosis (tumors) Table H, 231

Diodone, 56, 57

Drodrast, contrast medrum, 245

Dislocations, 11, 69-102

Dorsalis pedis artery
Calafication, 141, 244

Dorsoplantar projection, 52

Drop foot 1n diabetes, 199

Dropsy, articular, 136

Dry plate, 3

Dwarfism, 35

Dystrophy, hands and feet, 202

E
Eburnation, 127, 156, 180, 186, 188, 194, 207
of metaphysts 1n hypervitaminosis A, 207
Ecchondrosis, 131
Efferent response, 137, 143
Embryonal cell rests, 211

Enchondral ossification, bone repair, and vicamin A, 207

Endarteritis, 195, 244

1n ainhum, 196

Deformans, 244

Obliterating, 196
Endocrines

1n diabetes, 197, 198

Diseases, 30, 33, 36, 115

in gigantism, 211
Endogenous

Toxicosts, 179, 180

Uric acd 1n gout, 148
Endosteal reaction, 227
Endostertis, 1a filuorosts, 181
Endosteum, 20, 21
Epiphyseal cartilage, 33, 36
Epiphyseal centers, 18, 21
Epiphyseal line, 33, 36, 151
Epiphyseal plate, 19
Epiphyss, 16, 18, 21, 22, 33

Calcaneal, 111, 115, 115

Femoral, 107, 109

Fracture, 72, 74, 111
Epithelial sinus, 188
Evolution of the foot, 15, 16
Ewing s tumor, 130, 217, 223-226

in foot as primary leston, rare, 235
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Exogenous * French heel,” 80
Unic acd, 1n gout, 148 Greenstick, 72
Toxicosts, 178 Gunshot, 77, 91
Exostosis, 85, 98, 125-129, 151, 133, 135, 136, 138-141, Impacted, 85
144, 145, 147, 148, 150, 152, 154, 157, 159, 160, 162, Incomplete, metatarsal, 81
212-218 Instep, 129
Anlle, 144 m leprasy, 163, 170
Arthntic and infective basis, 129 Malleolar, 69
Calcaneal, 125, 129, 138, 139, 141, 144, 147, 148, 212, March, 83, 84, 56-89, 91-96
213, 215, 218, 293 Metatarsal, 76, 78-81, 84, 88, 91-96
Cartrlaginous, 217 Mdtarsal, 81, 87-90
Cunerform, 85, 213 Multiple, 74, 75
in gouty arthnitis, 150, 152, 154 Navicular, 80, 86
1n hypertrophic arthnts, 162 Neck of talus, 84
Metatarsal, 126, 131, 133, 135, 136, 140, 144, 150, 159, 0ld, 132
160, 212-215 in osteomyelitis, 184, 186
Navicudar, 144 Phalanges, 84, 98, 99
i neuropathie arthropathy, 157 Pott s, 69, 70
Phalangeal, 98, 133, 140, 144, 145, 159, 160, 212, 216 Sesamoads, 83, 84
Subungual, 98, 212, 213 Shepherd’s, 80
Talocalcaneal, talonavicular, 144 Shrapnel, 77, 91
Talus, 212 Supramalleolar, 71
Traumatic, 216 ‘Talus, 79, 80, 84
Fxpenmental films, 9 Tibal, 71, 88, 89
Ixposure holders, 8 Traumatic war, 73-78
Exposute technique, 8, 9 Trimalleolar, 69-71
External rotation violence sn ankle injunes, 71 Union 1n vitamn C, nicotinic acud, 207
Unreduced, 74-77
F Fragilitas ossium, 33
Fetus, ossificaion centers, lower extremity, 18 Fragmentation
Fibrocartilage, 130 Ascptic necrosis, 191
Eibroma with pigmentation, 232, 233 Calcaneal cpiphysis, 74, 116
Fibromatosis, 32, 33, 232 Calcageal fracture, 73
Fibrosarcoma, 217, 228 Freiberg's anfraction, 118
Fihrous joint capsule, 136 Tarsal fracture, 85
Filters, 8 Tibial tubercle in osteochondritis, 109
Finder for fluoroscopy, 7 Frambesia, 194
Fixing bath solution, 10, 12 Frec bodies, sce loose bodies
Flatfoot, 28, 263-269 Freiberg s infraction, 11, 117-120, 219, 261, 263
peroneal spastic, 28, 267-269 T'niedlinder, pneumobacillus 1n ostecomydditss, 183, 191
Floorescent screen, 1 Frost, Lawrence, 197-201, 232, 233, 316
Thuoroscopy 7
Fluoross, 181, 182 G
Focal infection sn ostcomyehites, 184 Gait, ataxic, stimping, 155
Focal sclerosss in spongy bone, 30 Ganghon, 231
Yoo tuberculous arthritis, 152 Gastrocnemius, calcinosis, 201-206
Lopey hlms, 10 Genu valgum, varum, 143, 172
Feot in action, aneroentgenography, 505-307 Giant cell tumor, 212, 217, 228, 229, 231
Tarce Jmes and trabeculation, 132 Gigaptusm, 26, 35, 36, 211
1 ructures, didocations, 30, 31, 35, 69-100 Glands
Aqestheaa in, 137 Adrenal cortex, 36
Ankle, 69, 71 Affections, 111, 115
"Bedrom” fractures, 84, 100 Gonads, 36
Bimatlcolar, =2 Harmones, 136
Calcancus, 71, 34, 76 Prtustary, 36, 111
Chip, 11, 69, 70, 81, 86 Glomus tumor, 230, 231
Classtfication 71 Gomez, Gonzalo Fsguerra, 164, 170, 171, 317
Camplete metatarsal, A2 Guonarrhea
Compound, 72 Arthrins, 114
Compound tomminuted, 76, 77 1 osteormg elitis, 183
Cubad Fo Peniostitis, 127, 183
Cunaifarm b2 Gout see arthris metabolic
Dieeer swolenee, 71 Graft, bone 75, 76, 7B
Friphyss, 72,74 Granuloma, 227
Fatipure, 44 Grauty 2, 17

Fiag esctitation, = § Greenstick {ractere, 72
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Gummas, syphulitic, 193
Gunshot wounds, 83

H
Hallux, 15, 16
Rigidus, 295, 296
Valgus, 85, 101, 119, 127, 132, 133, 135, 145, 275, 276,
283285, 293, 294, 300~303
Hammer toe, 101, 120
Hands, 16, 17
Deformaty, 25
Hanson’s disease, see leprosy
Haversian system, 21
Haversian canals 10 osteomyelitis, 186
Heberden's nodes, 144
Healing time
1n diabetes, 196
in lower extremuties, 196
Heel to toe walking, 115, 305-307
Heloma, 101, 142, 187, 246, 263, 293
Hemangioma, calafying, 231
Hemiplegia, 143
Hemolytic Staphylococcus aureus in osteomyelitis, 183, 184
Hemophilia, 36
Hench s 21 points of “presumptive gout™, 150, 151
Hip disease, 107109
History, 1-3
"Hooding”, 163, 167, 170
“Hour-glass” resorption 1n leprosy, 164
Hydarthrosis, 136
Hyperemia (1n Mendel's test for tuberculosis), 152
Hypermobule joints, 35
Hyperostosis
Wemer s syndrome, 183
Hypervitamenosis A, 206, 207
Hyperparathyrordism, 32, 33
Hyperthyroidism, 1n diabetes, 199
Hypertrophic arthritis, see arthritis
1t leprosy, 170
Hypestrophic arthritss, 126-136, 138, 145
Classification of joints 1n, (Table E), 144

Hypegr;)phlc pulmonary osteoarthropathy, 179, 180, 235-

Hypertrophy
Bone, 28, 31, 127, 224
Nail, 224
Se;c;r;f ;nét’atzaézal, 117, 120, 128, 132-134, 153, 224, 258,
‘ Third metatarsal, 118, 119, 136
Hyperuncemla, 150
Hypervitaminosis A, 206, 207

I

“lade” zeso,
rption 1n lepro * -stick”’
Impaction prosy, see “‘candy-stick

Calcaneal fracture, 73
Tarsal fracture, 85
in?ucmn, electromagnetic, 2
fiaotle cortical hyperostosts, 206, 207

Rection, 36, 76, 111, 1 3
na rth'rms, 12»9 » 125, 127, 129, 163-172, 185-196

It compound fractures, 76
ocal, 1n osteomyelitts, 184

Inﬂammah()n
of bones and joints, 125-:
inlayg t 74 joints, 125-207

Insulin, 151, 196
Integration, 137

Neurovascular, 155
Interpretation pattern, 11
Involucrum, 1n osteomyelitss, 186

J
Jaslow, Irwin A, 81, 87-90, 320
Joints
Arthrodsa, 47, 131
Bridging, 130
Calcaneocubotd, 81, 144
Capsule, 131, 136, 146
Cartilage, 131, 136
Cawvity, 136
Charcot s, 138, 143, 156
Circulatory and nervous mechanism, 136
Classification, 130, 131
Connective tissue, 143
Diarthrosss, 131
Disease, toxns 1n, 138
Dropsy, 136
Effusion, 144
Expansion, 131 -
Ginglymus, 47, 131
Interarticular vacuum, 131 -
Mouse, 119
Neurogenic disturbance, 192
Nutrition, 138
Pathology, 130-135
Pathology, sequelae, 135, 136
Relation to body, 136, 143
Space, 57, 85, 108, 109, 119, 120, 131, 144-147, 151, 152
Structures, 138
Subtalar, 49
Surfaces, 11
Talocalcaneal, 81
Talocalcaneal, 1n hypertrophic arthritis, 144
Talonavicular, 131
Talotsbral 1n tuberculous process, 151
Tarsal, 131
Tibiofibular, 131
Tibiotarsal, 47
Juvenile deforming osteochondtitss, 117-120

X

Kahn test, 154
Kapost's sarcoma, 230, 231
Keith's law, 256
Kelihan, H, 36, 66, 131, 136, 250, 320
Keller operation, 161
Ketogen:c regimen, 151
Kilovolt peak, see kvp
King's theory, 156
Knee, 22, 109, 126, 192

1n tabetic arthropathy, 192
Khler's disease, 112-117, 263, 299
kyp, 8, 10, 52, 249, 251

Tables I and J, 249

L
Langerhans, 1slands of, 196
Landmarks, anatormucal, 49, 50
Lateral position, 58, 59
Lead poisoning, see plumbism
Legg-Perthes’ disease, 107, 108, 111
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Legumes 1n gout, 148
Length of extremuties, comparatnve measurement, 277, 286
Leprosy, 163-172
Bone changes, sce “hooding
button’”
Classification, 169, 170
Diffuse infiltration, 169
His oty, 163
Hooding *, “candy suck’, ‘collar button
resorpuon of bone, 163, 164, 167, 170, 171
Hvpertrophy, 170
Incsdence and distnibution, 164
Ineffectivencss, transmussion, susceptibifity and ammunity,
165, 166
Inoculation, 166
Lepromine, 169
Neural, 169
an orthopedic problem, 167, 168
Subchondral ¢ysts, 171
Tuberculowd, 167
lcers, 163, 164
Leukemis, 151
Leuhog tolysins 1n ostzomyelitis, 186
Ligaments, 16, 57
Ankle joint and foot, 255, 256
Calcaneonasicular, 48
Deltond, 57, 65
Duathesis, 57
Dorsal 48
[ibular, collateral, 57
Interossenus, 48
Plantar, {8
Tibiohbuolar, 57
Liposarcoma, 217, 228
Lipping, 119, 128, 129, 132, 138, 141, 144, 162, 203, 205,
212
in caleinosis, 203 205
Locke Raymond K, 235, 322
Tocomovon 15, 16, 48, 255
1 nace boadies, 126, 131, 1314, 144, 157, 159
Lowner extrermities, 1n diabetes, 199
Iyraphatics, 136, 138
T vmphocarenma, 217, 228

candv-stick,”  “collar-

M

Macradetyly 25, 26
Madury teot 193
Maarory {allantoin), 118
Aalahynment of fragments, 28
Miligrant bone tumors 217-232

AMelanoma, 232, 233
AaHeoly 81, 63, 6072, 7
Malsegmentation, 27, 31
March tracture, €3, 84, §6-99, 9124
Margaw, 20 2}
Ma s Cemalliampere second), 219, 258
Mectames end deformines, 235307
Yo bumem of punt pathology, 130-133
Mener s tanle corpuscles, tn povararanoma 234, 233
Mclap Ry ip 1 A2
Meliror,y 212, 2%
Mebangromna, 234
Melar iy tirouma, 239
Mepd-ty 10t {1 beeculoas), 132
e eorpm L yenm layer 21,22, 130

Metsbolic acthats, 144 146-154
Metabolism
1n dinbetes, 198 -
punne, 146, 118
Metaphyseal rarefaction 1n tuberculous process, 152 :
Metastatic neuroblastoma, 226
Metatarsal segment, hypermobile fiest, 238, 261, 262, 263,
276
Metatarsal transverse hunge (“arch ), 47, 256-258
Depression, 224, 237
Normal 259
Metatarsals, 47, 48, 55, 64
Agenesis, 26, 31-34, 38
Atrophy, fourth metatarsal, 128
Comparative length of, 260
Lvolution, 39
Exostosis, 126, 131, 133, 135, 136, 140, 114, 130, 139,
160, 212-21%
First metatarsal, 48, 56, 126, 128, 132-134, 136, 142,
150, 151, 214
Fourth head, resection, 136
Fractures, 76, 78-84, 86, 87, 91-96
Fretberg s infraction, 111, 117-120
Heads, 54, 61, 111, 133, 156
Hypertrophy, 117, 119, 120, 128, 132-131, 136, 1%3,
224, 258, 262, 264, 266
Juxtaposition, 79, 82, 112, 113, 110, 173, 261, 293, 294,
297-299
March fracture, 83, 81, 86, 87
Ossification, 16-20
Osteomyehitis, 184
Sccond head, 132, 133, 137, 142
Short first, 28, 37, 128, 132, 147, 214, 25%, 260, 262-261
Short third and fourth, 263
Short fourth, 263, 264
Synosteosis, 39
Metatarsophalangeal joints
Anatomy, 51
Axial position, 64
1n calcinosis, 205
Cupping, 129
in diabetes, 197-200
Degeneratise anthrutis, 137
Hallux valgus, 85, 101, 119, 127, 132, 133, 135, 142,
275, 276, 283-285, 293, 294, 300, 501
Hypcrtrophic arthtius, 128-134, 144
Increased joint space sn cilanosis, 203
mn metabolic arthnis 149
Lipping, 128
Loss of jount spree, 134
Scleroas, third joint, 129
Segment, geoss matformation 35, 52
Subluxation, 101, 102, 132, 134, 145, 163
Transverse "breal  ( arch ), 61
Transverse depression, 101
Third yoint, cupping, 129
Metatareus, 19
Latus, 281
Primus varus 119 134, 148
Varus 262, 263, 264, 292
Micredacty hia, 202, 203
Mictorraumatism R7, 127
Midtarsal yountt fraciuee 81, 879D
Meteau M H, and Bemang G Costa 263, ¥24
Mnstan < sya drome, tnwd, 298-267, 324
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Multsple fractures, 74-76, 78
Multiple 1dsopathic hemorrhagic sarcoma, 231
Miinchmeyer s disease, 202
Mycetoma, 194
Mycobacterrum leprae, 163, 165-168
Staiming, 168
Latency and 1ncubation period, 168, 169
Myeloma, 217, 227, 228, 231
Myositis ossificans progressiva, 202, 249

N

Nachtblau stain 1 leprosy, 168
Navicular, 16, 19, 20, 23, 27, 47, 48
Chip fracture, 86
Decalafication, 129
Degenerative changes, 138
Displacement, 8§5-87
Exostosis, 128
Flattening, 113-117
Fracture, 80, 82, 85, 86
Hypertrophic arthritis, 138
Kdhler's disease, 112-117, 263, 299
Lipping, 129, 138, 141
1 osteomyelitis, 184
Periostits, 128
Straight lateral projection, 52 .
Necrosts
1n diabetes, 196-200
Suppurative, 127
1n osteomyelitss, 186
Neural leprosy, 166, 167, 169
Neuro arthropathy, neurarthropathy, 154, 155
Neurogenic factors
1 diabetes, 196, 197
Joint disturbance, 192
Neuropathic arthropathy (Steindler), 156, 157
Neuropathy
1 diabetes meilstus, 196, 198-200
Nevocarainoma, 232-235
Nicotiuc acid 1n callus formation, 207
Nonhemolytic Staphylococcus albus
in osteomyelitis, 183

0

Oblique projection, 56
Orthograde Jocomotion, 15
Os calas, see calcaneus
Os intercunerforme, 25
Os ntermetatarseum, 23, 24
Os peroneum, 11, 22, 23-25, 137, 138
Os sustentaculum, 23
Os tibrale externum, 23, 24
Os trigonum, 23, 24, 80, 86, 137
Os uncy, 23, 25
Os Vesalius, 23, 25, 80, 84

allometrie studses

m leprosy, 168
Osgood Schiatter s disease, 108, 109, 111
Otsicles, 22-25, 132
o sific focy, wrregular, 18

Ssification centers, fetus (Table A), 18
Onfter birth (Table B), 19

sSification chart, 16, 20
OSSlﬁcauon time <rhadnia

Fusion of secondary centers wath shafts, 20

Osteitis
of calcaneus, 125
Condensing, 125
Deformaas, 30, 217
Fibrosa, 28
Pertostitss, 128
Rarefying  diffuse, spotted, 125
Syphulitse, 31, 193
Osteoarthritis, 86, 129, 138, 149, 156

Osteoarthropathy of extremities pulmonary lzsion, 179, 180,

235-237

Osteoblasts, 21, 33, 207
Osteocartilaginous bodies, 126, 131, 226
Ostepchondsihis

Deformans juvenilss, 107

Navscular, 112117

Metatarsophalangeal, 117-120

Third metatarsophalangeal, 129

Tibial tuberosity, 109

1 syphilis, 192
Osteochondroma, 212, 215, 220-222
Osteogenic sarcomn, 87, 218, 220, 226, 231
Osteogenests imperfecta, 30, 33-35, 4042
Osteoly tic metastasis, 228

Neoplasm, 227
Osteoma, 212, 213, 217, 219, 229

Osteomyelitts, 74, 125, 128, 148, 152, 183-191

Acute, 183-186

Calcaneus, 190

Chronic, 186-189

Cocadioidal, 189, 190

Colon bacillus, 190

Friedlander s pneumobacillis, 191
Pulmonary focus, 189
Staphylococcal hematogenous, 186
Syphilitie, 191-193

Osteoporosts, 30, 31, 52, 72, 146, 180, 182, 186, 201

Osteoscleross, 127, 180, 188
Overdevelopment of films, 10
Overlapping toes, 140

P

Pacinian corpuscles, 136, 137
Paget's disease, 30
Panaritium 1n osteomyelitis, 184

Pantothenic acid and biotin in deformuties, 207

Papilioma, subungual, 233
Parallel periosteal reaction, 130
Paronychia 10 osteomyelitss, 184
Parosteal tumors, 229

Pattern of interpretation, 11
Pediatric a-ray diagnosis, 20

Pelvis, postural studies sn relation to foot, 277, 279, 281-

288
Perforating ulcer 1n leprosy, 113, 171
Periosteal
Abscess 1n osteomyelitss, 185, 191
Absorption, 125
Proliferation, 154

Reactson, 126, 129, 130, 188, 221, 225, 226, 228

Sequestration 1n osteomyelitis, 185
Stripping 1n osteorn; elitis, 185
Suhnertosteal. osteomyelitis, 191
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T

in a;mhum, 196
sn bone tumor, 211
Perrostitss, 125, 127, 128
of calcaneus, 128, 1290
1n fuorous, 181
Focal infection, 127
Gonorrheal, 127
> Infections, 127, 183
Infectious arthntic bawus, 129
Ossifying (cocadiowdal osteomyelitis), 190, 194
1n osteornyelitss, 183, 181, 186
Pyogenic, 183
Syphihe, 127, 191, 192, 193
Traumatic, 127, 128
m typhoid fesver, 127
Penipheral sympathetsc nernve damage
in diabetes, 200
Pcroneal spasm, 70 144
Peroneal spastic flatfoot, 28, 267-269
Perthe s disease, 108, 109
Perverted penpheral sensation
1n disbetes, 199
Pes, 47
Cavus, 111, 2649, 282, 297, 298
Planus, 263-269
Valeoplanus 84, 137
Phalanges, 13, 18, 19, 47, 49, 55, 84
w1 ainhum, 195, 196
Aseptic necroses, 107-120, 191
Chinpdactyly in calanosss, 202, 203
Dactybitis, 191, 193
Enlarged distaf, 142
Fracture, 84, 98-100
Heberden s nodes, 144
Intemal derangement, 134 145
Loote bodies, 134
in metabolie acthrus, 149
Microdactyha an aalaness, 202, 203
Osteomyehuns 181, 189
Osteophytic formation, 132, 133
Plantar flexed, 224
Resarphion
in eprosy, 163 164, 170
m mnbum, 196
Sexondary shortenming 136
hpur 137, 140
Subluxation, 101
Tuberculous abscess, 195
Phichaliths, 244, 2145
Phosphorus hines, 181
Prrquet (von) cutaneous test, tubetenlons, 152
Plantar medaal position, 34, 65
Plantar pottenior pastion 60, G}
Plantgptade locomnuna, 13, 18
Dlagnx and vvnovia 138
Plartegyt~ma, 217, 227, 228, 231
Pigmbim 179, 1R
Parumocescus in odeomyehitis, 183
Palvdactyhiem, 28, 29 30
vmlateral, 2R
ooty mune 11, 22, %2, 51, 53 36-46
Buontrriar thiatl astesy, wecluaon, srtenngtam, 246
P < frzcure, 60 o 72 "4
Pixtrian n, 1%, 16
Presw ¢ atvspln Xa
Pressare chapiey, 146, 14

1

Pronation 143, 265, 267 !
Pronograde locomotion, 15 -
Proprioceptive mechamsm, 136, 137 .
Pseudarthrosis, congental, 27, 28
Pseudoankylosis, 146
Pulmonary focus 1n osteomyehitis, 191 .
Puimonary involvement, 1n metastatic carcinoma~ premont«
tory osseous changes 1n extrematies, 179, 180, 229, 235—
237
Punnes, 146, 148
Pus, sec pyogenic infection
Pyogenic arthnitss, 143, 144
Puogenic infection, 135, 143, 144, 188, 196, 199
in diabetes, 196, 199
in madura foot, 194
Osteomyelitis, 188, 190

R

Rachiuts, 30, 31, 36, 172-176 ~
Periosteal reaction 1n, 130, 192
Postrachntic

disturbance, 173, 174, 293 >

deformity, 175

Late nclets, 175

with syphilis, 192
Ranvier s disks, 1n nevocaranoma, 234
Rarefaction (sce decalcification)
Rate of ossification

growth, 16, 17

gucls, boys, 17
Raynaud s disease, 241243
Reaction, discrimunating 137
Rechlinghausen s disease, 32, 33, 232
Reflex arc, 143
Reflexes, achilles and patellar 1n diabetes, 198
Renal decangement sn metabolic arthritis, 149, 151
Retarded growth, 35
Reuculoendothchial system, 231
Reteculum cell sarcoma, 217, 225, 226
Rheumatic fever, 146, 147, 186
Rheumatoad arthrtss, 143, 146, 198
Ribbert s theory, 211
Riboflavin in production of defornuty, clubfoot, 207
Ribs, 20
Ruckets, see rachitss
Rigrdity 1n tuberculous arthnts, 152
Roentgenapacity, 2

Rotated pavicular, 27, 31

Rotaung, anode tube, 5, 7
Round cell sarcoma, 130, 217, 223225

S

Saber shun, 194
Sartoma 87, 130, 212, 217, 218, 220-232
Scaphond, sce navscular
Schiiller Chistran s discace, 230
Sclerosas

at articular margan, 129

Bane, 36, 127, 143 180

i Ruoros, 181, 182

1 Kahler o dicease, 113~137

of nxvicular, 113-1114, 129

in phasphorus oser medicatinn, 181

i plumbism 188

of spngy bene, 30, 181
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Scurvy, 30, 31, 176-178 -
Segmentatton 1n apophysttis of tibia, 109
Sella turcica, 1n Werner s syndrome, 183
Semulunar cartilage, 22
Septicemia, 10 osteomyelitis, 191
Sequestration, 185, 186, 188-190, 194
1n syphulss, 194
Sesamoxds, 19, 20, 36, 37, 52, 54, 117, 132-134, 162
Agenests, 36, 37
Axial position, 54, 64
Bipartite, 83
Degenerative changes, 133
Displacement, 134, 135, 147, 214, 258, 264, 265, 293
Fracture, 83, 84
Spht, medial 162
Shaft lengths, Table D, 36
Shepherd's fracture, 80
“Shack proof” unts, 4
Shoes, 17, 101, 127, 162, 268
Short first metatarsal, 28, 37, 128, 132, 147, 214, 258, 260,
262-264
Sheapnel fracture, 77
Sumulation of bone atrophy, 35
Sinus 1n heloma molle, 187, 188
Skeletal framework of foot, 47-50
Skeleton, 17, 18
Shtodan, as contrast medium, 245
Skull, 20, 21
Sutures, 130
Shiding bone graft, 74, 75
Smallpox. (variola), 194
Sodium salt of uric acid, 149
Sodiwm and potasstum 10dide, as contrast medium, 245
Soft tissue, 4, 12, 55, 62, 70
Roentgenography, 248, 249, 289-291
Tables T and J, 249
Tumors, 230-235
Spasm
in hypertrophic arthritis, 144
mn peroneal spastic flatfoot, 28, 70, 144 267-269
in tuberculous arthritis, 152 ’ ,
Spectrum, 3 '
Spitochaeta pallida, 191
Spirochaeta pertenue, 194
gpfmglOSa, see trabeculae, cancellous bone
Sg:’:’g;:ii;zstzss:sn phosphorus poisoning, fluorosts, 181
g;ﬁg;g}‘mmﬂf:z s(t)go mus<l:1e, 206
Stationary anode, 5, 6 myens, 183, 186

Steindler neyro ath
C T
Stellate fracture,p72 1 artropathy, 136

Stercoscapic ﬁuoroscopy, 7
Sull s disease, 143, 146

trePtOCDCCus mn 4
OSteO y
1 N m e]ltls, 183, 18 y 186

In leprosy, 167
Metatarsophalan
278, 283-285
alanges, 101
Subpenosteat bone, 33
Sull? hypemtammosxs A, 206, 207
' Petiostea] hemorrhage, 86
ubii::,sml lamination 1 syphulis, 192
3 Spongtosa and phosphorus Iines, 181

geal jomnt, 101, 102, 132, 134, 145, 163,

Substantsa spongtosa, sce trabeculae, cancellous bone
Subtalar joint, 5, 6, 57, 74, 151
Displacement, 75
1n tuberculous process, 151
Sudeck’s atrophy, 32
Supernumerary digits, 25
Supernumerary foot bones, 11, 22-25, 84, 137
Table C, 23 ¢
Suppuratton 1n bone necrosis, 127, 188
Suppurative, see pyogenic
Supramalleolar fractures, 71
Supranavicular bone, 23, 24
Sustentaculum taly, 23, 24, 266, 269
Sympathetic (peripheral) nerve damage 1n diabetes, 200
Synarthrosis, 130
Syndactylism, 27
Syndesmosss, 130
Synosteosss, 39, 202
1n calcinosts, 202
Synovia and plasma, 138
Synovial membrane, 57, 126, 131, 136, 146, 195, 222, 223,
227
Hyperplastic, 146
Sarcoma (synovioma), 222, 223, 227
Synovitis, 136
1n syphilis, 193
Syphilis, 31, 127, 128, 130, 143, 144, 152, 180, 191-:%4
Bismuth therapy and bismuth lines, 180
Differential diagnosis (tuberculous arthnitis), 152
Frambesia, 194
Osterts, 31
Periosteal reaction, 130
Periostits, 127, 128
Syringomyeha, 143

“T' fracture, 72
Tabes dorsalis, 138
Tabetic arthropathy, 192
Talipes, 31, 269, 271-275, 275, 276
Classification, 275-276
Talocalcaneal joint, 87
i hypertrophic arthritis, 144
Talocrural joint 1n osteomyelstis, 184
Talofibular separation, 57
Talonavicular joint, 81, 86, 87, 144
Talotibsal jornt 1n tuberculous process, 151
Talus, 16, 18-20, 23, 47, 49, 51, 57, 62-81, 80, 81, £3, 129,
137, 138, 157, 158, 184, 263
Anatomucal, 62, 73
1n bimalleolar fracture, 72
1in Charcot’s joint, 157, 158
Fracture, 69, 72, 79, 80, 84
1n fracture of calcaneus, 74
landmark, 51, 63
os trigonum, 137
1n osteomyelitis, 184
postoperative fixation 1n cast, 77
1n Pott’s fracture, 69
Pronation, 263
Rarefaction, 129
Roughened, 138
Secondary, 23, 24
Subtalar joint displacement, 75
Tilt, 57
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in tnulfenlar fracture, 70
Trochlear surface, 85
Tarsus, 19, 20, 50, 4749, 71, 72, 85, 157, 194, 246, 258,
280, 281
sin arthropath,, 157
Decrlafication, 246
Fractures, 71, 85
Fusion 258
Impacted fracture, 8%
in madura foot, 194
Mahalicoment, 280, 281
Osteoporosts, 72
Temperature, subnormal pentpheral, 1n theumatord arthnus,
143
Temperature and time developing table, 10
Tendovammus, 181
Thorotsast as contrast medium, 215
Thismboangutis obliterans, 2141, 242
Tibsa, 18-20, 27, 37, 62, 63, 69-72, 74, 60, 67, 85 94, 109,
111, 196, 232
1 mnhum, 196
Anatonucal, 63
1n ankle fractures, 69, 70
1n ankle rountgenography, 62
Artculanon, 80
in caleneal fractuees, 74
T'racture weight bearng surfaces, 71, 72
Macch fracture, 97, 88, 94
Osteochondnitis tihial toberosity, 109, 111
Xanthomn, 232
Tibiotarsal aruculation, §7
Tibinhbular articulabion, 131
Time and tempemtuce developing table, 10
Toes mvetlapping 140
Tophy, 119-151, 162
Tosemua in asteomyehitis, 184
Toxicoare, 178-182
Rivnuth Hnes, 180
Ladagenous, 179
Fropenous, 178, 179
Fluornus, 1R1
Phosphons hnes, 181
Plumbiem, 180
Transseese hines, 178, 180
Toxine 138, 141, 156
i Charcot s jomnt, 156
Tribetulic (ser cancellons bone), 11, 19, 21, 30, 3), 134,
132
m otcom chti, 185, 1RG
i swphulie 192
Transicrve fines, 175, 180
Trawm, 3 70, TR 79, 8193, RG, 125, 127, 128, 157, 1534,
133, 144, 158196, 171, 193 195, 212
in atthrins 144 198-162
1 Charcot € yonnt, 139, 143, 154, 1995, 156, 11, 19+
i duhetrs 196
W ptavehtes, 128
m a1
1 o arx, 202
Tranncen  war traciurs, 73=TH
Tt lendor fracturey, 69-1 152
Ty 7 3 v M)
IR CRNRTISTIT ST ITHE R
“!"ﬁ'\'z Vardde T3y
Tohe v, 12 10s 150 13E 1SS P

Arthntse, 143, 144, 151, 152
Dactyhitis, 195
Foc, 143
Tumors, 211-237 i
Angiomz, 230, 244
Angrosarcoma, 226, 228
Angioncuromyoma, 230
In Bamberger-Marie diseasc
{ostcoarthropathy of extreputies 1n reltion to pulmon
ary ncoplasm), 179, 180, 235-~237
Bemign bane tumors, 211217
Bone tumors, 211-230
Caranoma, metastatic, 217, 229, 232-235
Chemotactic reaction, 211
Chondroma, 217, 229
pertosteal, 229
Chondromyxosarcoma, 215, 217, 221, 227
Chondrosarcoma, 217, 226
Cohnhaim s theury, 211
Cysts, bone, 28, 188, 212, 217, 225, 227, 231
calaified parasitic, 231
ganghon, 140, 231
soft ussue, 223
synosial, 231
Dufferential diagnosis, tumors (Table H), 231
Endosteal reaction, 227
Lwings sarcomy, 130, 217-226
Lxostoss, 125, 144, 162, 212-216, 217, 218
ankle, 144
calcancal plintar, 138, 212, 213, 215
calcancal posterasupenor angle, 139, 141, 212, 218
calcancal, inferoplintie margin of tuberosity, 138
calcancocubmd, 144
carttlaginous, 217
medal cunuiform, 213
first metatarsal, distal phalanx, 140, 212
first mctatarsal, dorsal, 159, 160, 212-214
first metatarsal, hase, 133, 133, 213, 215
first metatarsal head, 126, 131, 135, 136, 140
fiest metatarsal shaft, 133
first metatarsal, medil and Iateral, 159
firct metatarsal and proximal phalanx, 159
first metatarsophalangeal jount, 144, 159
pressurce traumatism, 216
subungual, 98, 212, 213
talar, 213
talonavicular, 144
Fibromy, 232, 233
with pigmentation, 232, 233
in Dibromatoss, 32, 33, 232
Ganglion, 231
Giant ¢l sarcoma, 212, 217, 228, 231
Glomus tumoe, 230, 231
Granuloma, 227
Humangioma, aatafyineg 231
Hormonal factors, 234, 2353
Kapos ¢ sarcomn, 230, 231
Lapotarcoma 217, 224
Lipprag 111 232
Tvmphosdrcoma, 247, 228
Malipnam bone tumars, 217-232
rtoathyan fod rare 211, 218
medullary, 220, 226
ruxed, 220
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pensosteal, 220
sclerosing, 220
Malignant melanoma, 232, 233
Marte-Bamberger disease
(osteoarthropathy of extremuties 1n relation to pulmon-
ary neoplasm), 179, 180, 235-237
Messsner s tactile corpuscles, 1n nevocarcinoma, 234
Melanoblastoma, 233
Melanoma, 233 -
Melanosarcoma, 234, 235
Melanotic sarcoma, 235
Metastatic neuroblastoma, 226
Myeloma, 217, 227, 228, 231
Nevocarcinoma, 232-235
Osseous changes, 211
Osteocartilagtnous bodies, 226
Osteochondroma, 212, 215, 220-222
Osteogentc sarcoma, 87, 218, 220, 226, 231
Osteolytic metastasis, 228
neoplasm, 227
QOsteoma, 212, 213, 217, 219, 229 -
parosteal, 229
with Fretberg’s infraction 1n opposite foot, 219
Papilloma, subungual, 233
Parosteal tumors, 229
Periosteal reaction, 130, 220, 221, 226, 228
Plastocytoma, 217, 227, 228, 231
Pulmonary 1nvolvement 1n metastatics
carcinoma  premonitory osseous changes in extremities,
179, 180, 235-237
Ranvier’s disks, 1n nevocarcinoma, 234
Retrculum cell sarcoma, 217, 225, 226
Reticuloendothelial system, 231
Rubbert s theory, 211
Sarcoma, 87, 130, 212, 217, 218, 220-233
angiosarcoma, 226, 228
bone, (medullary, periosteal, sclerosing, mined), 220
chondrosarcoma, 217, 226
chondromyxosarcoma, 221, 222, 227
Ewing's Sarcoma, 130, 217, 223-225, 235
Ewing s sarcoma, 1n foot, rare, 235
fibrosarcoma, 217, 228
Buant cell, 212, 217, 228, 229, 231
Kapost's, 230, 231
liposarcoma, 217, 228
lymphosarcoma, 217, 228
melanosarcoma, melanotic sarcoma, melanoblastoma, 235
multiple 1diopathic hemorrhagie, 231
nevocarcinoma, 232-235

osteogenic, 87, 217, 218, 220, 226, 231
synovial, 222, 223, 227

reticulum cell, 217, 225, 226
round cell, 130, 217, 223-225
Schiiller-Christian s disease, 230
Soft-tissue tumors, 230-235
Synowial sarcoma (synovioma), 222, 223, 227
Traumatic, 212
Vascular, 230
Verruca (differential diagnosis), 212
Xanthoma of bone, 230, 232
Xanthoma of soft tissue, 232
Tungsten, 6
Tungsten cathode, disk, 7
Typhoid fever, 127
Typhoid bacaillus in osteomyelitis, 103

U

Ulcers

m gouty tophy, 151

Diabetic, 196

1n leprosy, 163, 164, 171
Underdevelopment of films, 10
Unreduced fractures, 74-77
Uric acid 1n metabolic arthritis (gout), 146, 149

v
Variola (smallpox), 194
Vascular diseases, 230, 241-251
Tumors, 230
Verruca, differential dragnosss, 212
Vitamns, 167, 172, 176178, 208, 207
Vitamins and bony changes (Table G), 207
Voltage, 4, 7
Von Pirquet’s cutaneous test (tuberculosis), 152

w

War fractures, 75-78
Wave lengths, 3, 4
Weak foot, 101, 111, 134, 145, 265, 267, 270, 272-274
Weight-bearing angles, normal, 269, 271

1n hallux valgus, 300-303

in pes cavus, 269

1n pes plaaus, 269

1n weal foot, 272-274

X

Xanthoma of bone, 230, 252
Xanthoma of soft tissues, 232
X-ray production, 5-7

Y
“y* fracture, 72, 79
Yaws, 194




APPENDIX: INDEX FOR BIBLIOGRAPHY

Actomegaly, 331

Anamalies, 309, 311, 325

Apoplysitug, 322, 323, 331

Arnhritis, 316, 317, 319, 320, 321-326

Arthrodests, 317, 323

Arthrography, 311, 318, 319, 321, 322,
332

Arthropathe, 328, 520

Atavism 321, 321, 331

Bamberger-Marie disease, 309 313
Bound foot, 3114

Calanosis, 317-324, 330

Cinemeatgenography, 317, 320, 326

Charcot's joiot, 318, 323

Chondredysplasia, 312, 316, 322, 527,
330

Cleft hand, foot, 320, 522

Clubbed fingers, 312, 322

Cocadiogdomycosis, 316

Diabetes, 313, 316, 318-320, 321, 327

Fpiphyas, 309, 310, 316, 323, 326-328
Frostosis, 310, 315-317, 319, 322, 324,
328, 329, 332

Fibrosites, 31%
Flatfoot 309, 313, 317-321, 321, 331
Tractures, 309-313, 3135-518, 321-329,
3
March, 310 312-314 320 321, 323 3238

Feambesia, 328
luqon, 309, 313

&
Gan, posture, 310, 311, 315, 328, 330
Guganism, 229
Geut, 309, 311, 317, 318, 320, 323,
326, 327, 330
Gumhot ingunies, 3114, 323

Hallux walpus, 313, 315, 317, 318,
h23-325, 328, 329

Hand S hiler Chostian disease, 316

Haindy 313 314, 318-320, 322-326,
LEY]

Myparpeoathy snadism 313

1

hfantile comicd hyperostons 312
Infryctiny 412, 316, 331

hebler ¢ divease, 3214, 326 329, 331

Fepi Pethe disease 323, 324

Tepe =y, 340, 4122328, 330, 331

Vipamenss, ruprured, 309, 311, 317,
1

tegs = wan 329, a3

Pon bl 314 320 320

MeFurg fam N3, o316 324 126, 130

i C I R S | 132

My § angemene ERTURES &1
Wetitenm, mainply G2

Military roentgenology, 324, 529, 331,
332

Muscle tomt, integration, 314, 315,
324, 325, 330

Necrosis, 314, 315, 320, 323, ?-50

Olfier s discase, 312, 316, 5322, 327

Orthopedics, 312, 317, 319-321, 323,
323, 326, 328, 329, 331

Osallometne <tudies, 310

Osgoond-Schlatter s disease, 319

Osufication, 318, 319, 323, 325, 327,
329, 331

Osteitss, 309, 313, 317, 328, 330

Osteoarthropathy, 312, 322

Osteochondntis, 311, 314, 316, 317,
321, 325 326

Osteopenesis imperfectt, 311, 320

Ostenmalacia, 324

Osteomychitis, 309, 310, 313 314, 316,
317, 319, 320, 321-325, 327, 326,
330, 331

Panantium, 326

Pentostitis, 311, 312, 315, 320, 323
Planar rocntgenography, 309
Polydactybism, 314, 323, 332
Posiroming, 309, 312

Pronation, 318

Pseudarthrosis 313

Rachitis, 312, 316, 322, 321, 329
Raynaud ¢ disease, 312, 322, 324, 323
Reckhinghausen s disease, 317, 327

Sequestration, 309

Sesamauds, 311, 315, 319

Shoe fitung, 328

Short metatarsal, 318, 324, 325, 329

Sinus, 321, 323

Spastic paralysis, 320

Spruns, 325 328,332

Subastragalar  dislocation,
317, 328, 329

Supemumeran bones, 310, 316, 321,
328, 331, 332

Syndactyhism, 309

Syndesmosts, 313

Synosteosis, 318

Syphulis, 309, 316 323, 326, 329, 330

Talipes, 311, 314, 323, 326, 329

Tomography, 310, 312, 319, 524, 327,
3128 330

Toxraes, 310, 312, 316, 322, 324,
27, 330, 331

Trauma, 312, 314, 31%, 317, 319, 321~
323

Tubercle fonr halane, 322

Tuberculous, 317, 3310, 326 33}

Turmors, 309-132

St 34T

Repeara AL 3% 123 XS, adg

309“3] 10

344

Anrtopenicadathelioma 327

Bronchogenic ¢aramnoma 513

Calcaneal 324, 320

Carainoma, 314, 320 323

Chondrolipoma, 330

Chondromatosis 310 322 323

Chondrosatcoma, 309, 316 322

Cocadiordal granuloma 312, 323

Cysts, 313, 314 318, 319, 326

Thagnoste, 326

Enchondroma 310 328

Epithehioms, 317 323

Tuology 32%

Ewing s sarcoma, 313 323-323
332

Exostatis 310 315-317 319
319, 332

Fibroepithelioma 323

Fibruma 324 318

Fibrosarcoma, 311

Guant cell sarcoma, 320

Glomus 3090 312 319

Granuloma 313 327

Gunshot carannma, 323

Hemangioma 309 310 315, 316

Hematoma 312, 328

Hodgkin s gtanuloma 313

Kaposi s sarcoma, 309 311, 312

Lipoma 310 317, 322 126

Liposatcoma 320

Lymphangioma 321

Lymphangioendothelioma 323 3

Melanoblastama 324

Melanoma, 309 314

Melanotic epithehioma 317

Myeloma 317, 320 3294

Myxochandrotzrcomsz, 317 323

Myxosarcoma 309, 332

Neuroangrofibroma 330

Neuroblastoma 320

Neuroma 327

Neurofibroma 314 310 3N

Nodal cells, 310

Osteachondioma, 316 323, V77

Osteoclastoma, 331

Osteopense satcoma  313-315, 312

Oateoid chondrama, 322

Osteard ostcoms 31a, 326 328 !

Qsteolytsc, 322

Paget s disease 313 314 32, 329

TPapidloma, 316

Pangle s disease 323

Sarcordonis 310 314 310

Ratcoma, 329

Synovioma 302, 310 M8 3oV
320

Synovioplastic farcoma, 170

Tikial 323

Vertuea 330

Nanthofibems 34

Vascular stodies, 300, 311, 313
338, 320, 322-331
Vitammuns, 313, 129
Ulcers, 327, 330
See aba dobveirt fepnny
A4 cak foor, 309, 316, 428
W erner s spodrome, 126

Yaws, 33t






