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Introduction

The assustance afiorded by an accurate interpretation of roentgenograms 1n arm
ing at a correct diagnoss of bone lesions can scarcely be or eremphasized Despite the
paramount importance of the MICTEICOPIC EXANNNANION 1N MOSL Varicties of malignant
tumors the authors believe that chinical and roentgenographic studies also are essen
tal features of the diagnostic work up of a case of suspected bone neoplasm There
may be situations 1 which subsequent cvents will prote that the roentgenographic
Interpretation 1 more accurate than that of the pathologic. At least 1t 13 felt that where
the x ray film and the chmaal setting suggest a mahignant tumor and a study of micro-
scopic sections does not corroborate this impression one must be extremely hesitant
about accepuing the pathologust s report as the final word. This has been found to be
especially true where the tumor 13 of the cartillaginous type and the imcroscopic diag
nosis 13 chondroma  whilc the films reveal areas suggestive of sarcomatous degenera
tion and the patient s symptoms indicate that the lesion 15 malignant In such cases
the biopsy matenal may have been obtained from the chondromatous area of a tumor
which also presented areas of chondrosarcoma In these arcumstancet the authors
have learned to rely more upon the % ray film than upon the microscopic section.

A consideration of some of the fibrocystic lesions and some of those 1 which guant
cells are prominent leads one to the conclusion that here the roentgenographic rather
than the microscopic interpretation may be of greater accuracy For example the nm
ple bone cyst and benign grant cell tumor may be confused 1n the histologic examina

tion and the same may be true of nonosteogenic fibroma and fibrous dysplasia Fur
'
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thermore the early stages of myositis assificans may be mistaken for ostcogenic sarcoma
by the pathologust an error that can wually be avoided by the roentgenologust.

There are a number of non neoplastic conditions which may offer diagnostic dif
ficulties For this reason 1t was felt that 2 collection of reproductions of roentgeno-
grams of representatave cases of benign and mahignant neoplasms and associated skele
tal lesions might be of value to the roentgenologust as well as to the oncologust and the
orthopedic surgeon

All cases chosen have been confimied by microscopic examination with the excep-
uon of a few as indicated n the captions Wherever possible various forms of the
indnidual discase have been sllustrated Descriptive captions accompany cach illustra
uon and in some nstances microphotographs together with photographs of the
patient and of the gros speamen have been added It has scemed desirable to
have the 1llustrations of x ray films 1ppear comstently as “negatives” 1n order to facil
itate compartson with actual films Unless otherwise stated films shown were made
prior to biopsy or treatment.

‘The authors are grateful to Dr Frederick § Wetherell for the time and effort he
has generowsly gnen assisting us 10 reviewing many hundreds of films and 1n aiding
us 1n the final sclection In addition sincere thanks are expressed to the following™ Dr
Clarence Halter of the Photographic Department of Memorial Hospital New York,
N Y for the actual reproduction of the entire material and for obtaiming the most
faithful definition of every film chosen to Mus Florence Best and Muss Bertha Cains
for therr sccretanal assistance and finally to Mr Paul B Hoeber publisher for hus

cooperation 1n the project
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Osteogenic Sarcoma

STEOGENIG sarcoma that involves a long bone most {requently anses 1n the
metaphyseal region only rarely 18 the diaphyseal or epiphyseal region umph
cated. The long bones most often affected are the femur (distal) the tibia (proxamal)
and the humerus (proximal) Any of the flat bones may be nvolved although this
11 of less frequent occurrence Osteogemic sarcoma may be predormunantly osteolytic,
chiefiy osteoblastic, or a combination of both ‘The new bone formation may be laid
down either at night angles to the long axis of the bone { sun rav appearance) or
parallel to 1t or 1n a towmlly irregular pattern Not infrequently a triangular area of
reactive new bone is Ind dovn at the advancing margin of the tumor This formauon
first described by Ernest A Codman 1s frequently referred to as Codman s Inangle
Thus reacuve zone may alw be seen m chondrosarcoma and occasionally 1 Ewing s
|rcoma however its presence 18 strong presumptive evidence of the presence of a
primary bone sarcoma.

Datructive (Iyuc) osteogenic sarcoma may be simulated by Ewings sarcoma and
reticulum cell sarcoma occasionally by metastanic cancer and when 1t occurs 1n the
cpiphyseal region by aggressive guant cell tumor

Productive (osteoblastic) osteogenic sarcoma may be mustaken for sclerosing osteitls
osteord osteoma myositis ossificans and rarely for metastatic prostatic caranoma or
Hodgkins ducase There are numcrous other conditions which may occasionally
simulate osteogenuc sarcoma rather closely but most of these are extremely rare

Osteogenuc sarcoma may develop as a complication of a number of conditions
which are not actually new growths of bone Among these may be mentioned

3
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osteatrs deformans fibrous dysplana Gaocher s discase myosits ossificans and oste
opetrosis Ostcogentc sarcoma has been descnibed as anising on bone that has been
subjected to irradiation for some Lemgn process (radiation osteogenic sarcoma)
Of the foremenuioned conditions with the exception of osteius deformans none s
scen frequently as a basis for a sarcomatous degeneration Paget s disease however
may be associated with sarcoma 1n from 5 to 10 per cent of all cases.

The roentgenographic findings are suggestive 1n that they usinlly present features
of the underlying duscase process i addition to sccondary changes which point to a
mahgnant lesion These changes may be gross dastructive areas with or without
iregular formation of new bone These features may resemble metastatic canoer
rather than ostcogenic sarcoma and 1t should be remembered that Pagets ducase
with supenimposed metastatic renal cancer for example may closcly resemble sar
coma arising on the basis of Paget s discase
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Fic 1 Osteogome sarcoma medullary alteration 1n the general outlne of the

spindle cell type A relauvely carly leslon medial condyle Although the presence of
confined to the medial condyle. The nor this tumor was discosered and 1ts true
mal mabecular pattern is absent and both nature recognized promptly amputation
bone productive and destructive phases are was followed by pulmonary metastasis.
wen At this stage there has been little
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Fic = A and B Ogsteogenic sarcoma
large spindle cell and guant cell type a strik
tng example of the sclerosing vanety Note
the extreme density of the proximal partion
of the humerus which is sharply delimited
by the epiphyseal line but on both medial
and lateral aspects there is evidence that
there has been formation of new bone e

i

|
Y.
ey
o

t

tending beyond the normal outline of the
cottex,

It has been stated that the prognosly 1n
scletosing forms of osteogenic sarcoma is
somen hat better than that which 1s seen in
the more destructive varieties. This 13 open
to question Amputadon failed in this case

owling to subsequent p Y




OSTFOCENIC SARCOM 1

Fic 3 A and B Osteogenic sarcoma
ipindle and giant cell type in an 11 yeer
old boy The lenion 15 characterized by both
cortical and medullary desttuction with
accompanying sclerosing tumor bone for
matton. The epiphyseal barrier has not
been tranggressed, but while the location
of the tumor 13 primarily metaphyseal 1t
has extended proximally into the diaphysls.

The subsequent course in this case illus-
trates how unpredictable the outcome is in
this discase The age of the patient, the type
and extent of the tumor and 1ts roentgeno-
graplic appearance all tend toward an early
unfavorable result. This patient, however
13 alive and well four and one-half years
after amputation.
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Fic.2 A and B

Osteogenic sarcoma
large spandle cell and grant cell type a strik
ing example of the scletoung varety Note
the extreme density of the proximal portion
of the humerus which is sharply delimited
by the epiphyseal line, but ¢n both medial
and lateral aspects there 18 evidence that
there has been formation of new bone ex

‘}
tending beyond the normal outhine of the
cottex,

It has been stated that the prognoss 1n
scleroung forms of osteogenic sarcom is
somewhat better than that which 15 seen in
the more destructve varicties. Thus is open
to question Amputation failed in this case
owng to subsequent pulmonary metastasis.



OSTEOCFENIC SARGOMA

Fic. 3 A and B Osiecogenic sarcoma
spandle and gant cell type n an 11 year
old boy The lexton 15 characterized by both
corucal and medullary destruction with
accompanying sclerosing tumor bone for
mation. The epiphyscal barrier has not
been transgressed, but while the location
of the tumor 18 primarily mectaphyseal, 1t
has extended proamally into the dmphyus

The subsequent course 1n ths case 1las-
trates how unpredictable the outcome 15 in
this disease The age of the pauent, the type
and extent of the tumor and 1ts roentgeno-
graphic appearance 21l tend toward an early
unfavorable result. This patient, however
1 alive and well four and one-half years
after amputation.
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Fic 4  Osteogenic sarcoma The process
15 sharply delineated proximally by the
epiphyseal Line It 15 associated with a
marhed but paichy tendency to scleroms
and would properly be termed sclerosing
osteogenic sarcoma The sclerotic bone is
patchy and arregular 1 1ty dustribution
Atone point on the medul aspect the cortex

is broken and an area of denury Is visble
which extends into the soft tissues. On the
lateral aspect nferiorly there 1 a well de
veloped rone of reacti e bone at the margint
of the tumor which 1 typical of the Cod-
mans triangle

The paucnt was an adolescent girl Death
from pulmonary metastasis occurred.
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Fic 5. Osteogenic sarcoma. There is a
soft, blurred outline to the productive new
bone formation which 15 present on the
medual, and to a lesser degree on the lateral
margin of the cortex of the fibula Between
these arcas the enure thickness of the bone
1 altered by dense sclerotic tumor invaly
ing the metaphyss. Dustal 10 the sclerotic
area iregular bone destruction may be
seen. This Glm presents a typical appear
ance of osteogenic sarcoma Death from
metntass occurred following amputation
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Fic 6 Ousteogenic sarcoma (fibromyxo-
sarcoma) A medullary asteolytic and non
bone forming variety of this dusease occur
ring 1n 2 60-yearold man By roenigeno-
gram alone metastatic cancer plasma celi
mycloma and even fibrous dysplana wonld
have to be conudered

Thus case nught be expected 10 have had
2 more favorable prognass ow ing to the age
of the patlent and the fact that the leslon
was medullary 1n origin and confined by an
intact cortex Despite these features hip
disartreulation was pot successful as Jung
metastasis supen encd
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Fic 7 Osteogenic sarcoma Thus repre
sents an osteolytic and highly anaplastic
form The shaft s slightly expanded and the
cottex I3 broken on the medial aspect. The
cpiphyseal hine sharply delimuts the upward
extension of the discase The features pre
sented hete are somewhat uncommon in

osteogenic sarcoma but they are suggestne
of a malignant and not a benugn process,
The clinical course was in heeping with
the highly mahignant histologic appearance
of the turmor Amputation was followed by
pulmonary metastasls,
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Fic 8 \edullary spindle cell fibrosar
coma of bone Note the expansion of the
head of the fibula, the cortzcal as well as
medullary deatruction with loss of all nor
mal trabecular pattern This lesion closely
resembles malignant guant cell tumor and
might also be mustalen for medullary
chondrosarcoma  Actually 1t had been
treated previously elsewhere with X ray for

more than one jear on the roenigeno-
graphic dugnosts (without biopsy support)
of giant cell tumor Thus case tlhstrates the
harrds of treatment of bone tumors by
cither radical surgery or roentgen therapy
priot to obtaimng microscopic diagnoas-
Thus patient was a 28-ycar-old man and was
Lnown to be alive and well eght years after
amputation aboie the knee,
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Fic 9. Osteogenic sarcoma This is a
medullary osteolytic vartety which is dif
ficult to dustinguish from metastatic @r
cinoma plasma cell mycloma and certain
fibrocystic lesions of bone Such cases em-
phasize the need for microscopic confirma
tion of suspraocus lesions. The patient was
an adult male wathin the age range of mye
loma or metstatic cancer The appearance
of this lesion suggests that aspiration might
readily be done and the microscopic diagno-
us thus obtaned.
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Fic 10  Osteogemic sarcoma telangrec
tatic (ype occurmng tn a 6-year-old girl
There 13 a typical Codmman s tmangle The
bone destruction 15 himited distally by the
epiphyseal line Bone production 13 num
mal This 15 a classical roentgenogram of
osteogenic sarcoma.  Microscopiaally  the

growth was of the highly anaplasuc telan
gicctatic type Although the age 3 exceed
ingly unfavorable the patient is alne and
well sixteen years alter amputatson, pre
ceded by lugh voltage “\-ray treatment.
Such an outcome is most unusuzl at this
age and 1n this type of ostcogenuc sarcomL
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Fic 11 A4 and B Osteogenic sarcoma
The cortex 15 destroyed  the medullary por
uon of the head and neck 15 filled with
mottled areas of calafication and sclerosing
ostcord tussue, The lateral border presents
an advancing tumor wluch extends into the

sott parts. Death oucurred nine weceks after
the onset of symptoms despite prompt
amputauon There 15 nothing speaific about
the appearance of this roentgenogrm that
would indwcate such a fulmmant counc
‘The patient was an adult female
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Fic. 12 4 and B Ostrogentc sarcoma
of an unusual app-arance The tumor is
parely osteolytic with destrucuon of the
cortex and spongiom. The patient was a
young adult. In an older perron metastatic
cncer would have to be scriously con

sidered. Metastasis tool place to other
bones but none was detected m the lungy.
This cse was sclected to 1llustrate what 2
wide vanety of \ ray features may be pro-
duced by tumors which all fall mnto the
histologic category of osteogenic mrcoma
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Fic. 13 A and B Osteogenc sarcoma
Note the metaphyseal location the presence
of reactive bone at the upper margin of the
area of involvement (Codmans tnangle)
and the presence of bone destructien to-
gether with new bone formaton Jnd down
oregularly There is marked increased den
slty n the metaphyseal portion of the bone.

Antertorly there 13 2 long, slender splcule
of reactive bone An epiphyseal pathologic
fracture has occurred with vfiusual exten
sdon of the tumor into the epiphyss as
shown 1 the gross speamen Such viola
tion of the epiphyseal cartilage plate is most
unusual, except in far advanced cases.
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Fic 14  Extenstve osteogenic sarcoma of
femur The disntal turd of the bone 15 dif
fuscly affected with marked tendency to
sclerosis of both condyles. Irregular new
bone production 11 seen on both medual and
lateral aspects Codman s tnangle 1s present.
Following amputation a scparate osteogenic
srcoma of the proxumal end of the humerus
developed which was scleronng in type It

is exceedingly rare to find cases winch after
many months develop a sccond osteogenic
sarcoma mn another long bone, especially
when the chest flm remains negathe for
metastans following amputation In these
cases one must speculate as to whether the
sccond tumor 1s another primary srcoma
or a metastasts from the first
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Fic 15. Osteogenic sarcoma of femur
Thus unusual form of sclerosing, osteogenic
Qrcoma presents some  roentgenographic
fearures of longtanding infection This
tumor developed more slowly than do most

osteogenic mrcomas  Despite amputation
pulmonary metastass supervened thirteen
months later Inspite of the tumor s extent,
its ongin 1n the metaphysis 13 evident. The
pauent was a young man
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Fic 16 Osteogenic sarcoma of fibula.
The locauon m the duaphyss is unusual
While chiefly osteolytic, there it much new
tumor bone TIhe conunuity of the fibula
is destroyed but the adpacent ubia seems un

involved. In the dutal portion of the shaft,
the advancing margin of the tumor can be
seen The patient was 2 woman m her sixth
decade Amputation failed to prevent death
from pulmonary metastans.
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Fic 17  Osteog sdrcoma pr g
unusuel roentgenographic features The
lesson 13 medollary mn ongin almoat en
urely osteolytic, with no obnvious soft part
swellmg, and the roenigenographic features
are not typlal of thus disease The patent

was an adolescent girl From a roentgeno-
graphic sandpomt Ewing s sarcoma mught
be considered In an older person the pos-
sibility of metastatic @ranoma would have
to be senrously thought of.
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Fic 18  Extremely low-grade periostesl
spindle cell fibrosarroma of ulne At the
ume this roenigenogram was taken symp-
toms had exsted for five years. There s a
broadening of the duphysu without much
change in the bone texture, The dense,
bony proliferation seen 1n the center of the
area was shown on serlal films to be increas-
ing gradually in size. Though not shown
mn this view there was a funform soft part
smelling which o erlay the area of new bone
formation Thus type of lenon lends 1tself
to scgmental resection which was practiced
in this instance with an excellent five year
postoperative result.
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Fic 19 Osteogenic sarcoma on Paget s
disease (Paget 5 sarcoma) The ubial lesion
15 only one of many which were typlal of
osteins deformans. Persustent pain increas-
mg n sventy prompied repeated roent
genographic examinations of the tibial area.
Two months after this film was made an
other was thought to confirm the suspicion
of osteogenic sarcoma and a hlopsy esab-
lished the diagnosis.

Thus case dlustrates the importance to
be attached to contimuing pam of a pro-
greune character 1 an area of Paget s dis-
case ag indicatn e of sarcomatous transition
If symptoms persist roentgenographic ex
amination should not he long deferred.
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Fic. 18 Fxiremely lowgrede periostes]
spindle cell fil rosarcoma of ulna, At the
ume this roenigenogram was taken symp-
toms had exusted for five years. There s a
braadening of the duaptyss without much
change in the bone texture. The demse
bony proliferation seen in the center of the
area was shonn on semal films to be mereas-
g gradually in sire. Though not shown
m this view there was a fusform soft-part
swelling which overlay the area of new bone
formation This type of lesion lends ftsclf
10 segmental resection which was practiced
1in this instance with an excellent five year

postoperatine result.
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Fic 19 Osteogenic sarcoma on Paget s
disease (Paget 5 sarcoma) The ubial lesion
13 only one of many which were typlal of
osteitis deformans. Persistent pain increas
mg In scventy prompied repeated roent
genographic eaminations of the tiblal area.
Two months after this film was made an
other was thought to confirm the suspicion
of osteogenic sarcoma, and a blopsy esab-
lished the diagnosis.

This cse 1llustrates the importance to
be attached to continuing pam of a pro-
greusne character 1n an area of Paget s dis-
casc as indicatn ¢ of sarcomatous transition
I symptoms persit roentgenographic ex
amination should not be long deferred.
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Fic 22 A and B Osteogenic sarcoma
anung in one area of polyastotic fibrous dys-
plasia. In addition to areas of fibrous dys-
plasia in proximal shaft of femur and pubic
ramus, there was inyolvement of the tbna
on the same nide Note the irregular bone

N [
1., -3 PN Nt
P /wﬁ /"' R -
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destriction in the greater trochanter and
base of the femoral neck which represents
the site where osteogenic sarcoma has de
veloped  Malignant degencmation oo the
basis of fibrous dysplana is quite rare
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Fic. 23. Osteoid osteomna N\ote exten
e sclernsis of wide area of lower end of
femur The midus is clearly scen as a radio-
lucent sphenical 7one however several ex
pasures of different degrees of penetration
were necesmry to demonsirate 1t This case
wat scen many yeass prior to recogmition by
Jaffe of this discasc and was treated by
roentgen therapy (see Fig 21)

Osteoid osteoma 15 uncommon  but by
no means rare and in recent yeary it 1
being recognued by roentgenologists with
ever increasing frequency Pam s the pre
wnting symptom 1n pracually every @k
and 1t 15 characterstually controlled by
aspirtin 1n mild 1o moderate doses. When
the nidus 13 remosed at operauon pain 13
prompily and completely relieved
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Fic. 2y A and B Osleogenic sarcoms
arising i srradiated bone This tumor rose
ten years following treatment by heavy
doses of roentgen rays, of 2 henign tumor
thouglit at onc time to hase heen a scleros-
g osteitds but later considered 2n osteond
osteoma (see Fig 23) Tlhere 18 2 uriking
contrast betneen the expanded sclerosung
Done of the posterior surface (right) and the
fluffy amorphous new bone formation in
the center and on the anterdor surface where
it extends at right angles to the fantly vin
ble remnants of the cortex. A large radio-
lucent arca 13 seen proximal to which the
architecture of the pre-eaisng scleroming
process (osteold osteoma) Is quite apparent.
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Fic 15 Osteogemic sarcoma of the
fermoral neck ansing i radium dial v orker
Note that the process 11 chiefly lytic and
lacks the distinctive features scen in most
of the other forms of osteogenic mrcoma,

Without a hustory of exposure to radioactive
sulstances a correct dagnosis would seem
impossible on roenigenographic evidence.
Metastatic aranoma would be a reasonable
dlagnosts from a study of this film alone.
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Fic 36 Typical extensive pulmonary
melastasis from a medullary asteogemic sar
coma of humerus lustologically classified as
fibrosarcoma type Note that both lungs are
mmohed and that the depouts are 10ughly
spherical and rather sharply arcumscribed.
While these features are obvious n this
case the roentgenologit is often called
upon to interpret films where the recogni
tion of early pulmonary inolvement 13 by
no means a simple matter Gnen the fact
that a sarcoma 1s present or has been re
moved 1t {s most likely that any doubtful
shadow 1 duc to metastatic duease.
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Fic 27 Aand B I ulmonary metastasts
from osteogemic sarcoma Thus lenion was
first detected fne years alter amputation
for 2 ;arcoma primary in the lower femur
reported by the pathalognt as of relatively
lowgrade malignancy Bewawse of the al»
sence of demonstrable metastans elsewhere
i the lungs 10 long after amputation a

resection of this metastatic area was done
\icroscopically the metastans resembled
the primary tumor There has been no e
dence ol further pulmonary nectastasis
durning a period of more than four years,
and the patient remains well nine years
aflter amputation Such a fortunate out
come 15 unique 1 our experience
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Chondrosarcoma

RIMARY (chondroblasuc) chondrosarcomna may present vartually the
roentgenographic features as osteogenic sarcoma

Sccondary chondrosarcoma (chondromyxosarcoma) usually presents definite
dence of the pre-eaisting benign central chondroma or osteochondroma from w
1t 13 denived. If not discovered relaunvely early 1n sts course the sarvomatous fea
may so overshadow the original benign tumor as to make 1t dufficult or ympossit
demonstrate 1t The roentgenographic appearance of a benign central carulag
tumor 1s rather characteristie It 1s chiefly osteolytic although there may be @
suppling which should sene 10 disingussh 1t from other central Iytic areas of
There may be no alicration in the configuration of the cortex but 1n some mstanc
may be thinned and expanded Actual evidence of bone destruction 10 a medu
chondroma should make one suspicious of a chondrosarcomatous change that
already taken place If films of an esteochondroma reveal abnormal areas of !
destruction or areas of soft part demsity 1n which there are alafic deposits e
finely or coarsely suppled these findings likewise point to a chondrosarcoma
alteration

Parucularly in chondromatous wumors of the pelvic bones the slow progre
mncrease 1n size may be demonstrated over a peniod of three to five or more y
Such tumors are nmdious mnee secondary chondrosarcoma s extremely pron
develop and 1t may not be possible to note the incepuon of such malignant u
formatson merely by a study of the roenigenograms When senal filins, however
close a progressne increase 1n size or destruction the seriousness of the potential
18 certasn. This statement also holds true for large cartilaginous tumors 1n other bo

32
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Chondroarcoma (pnimany chondioblastic sarcoma) may frequently appear on
rocntgenograms as indisunguishable from asteogemc sarcoma Some pathologsts pre
fer 10 include chondrowarcoma as a variety of osteog,anic sarcoma and offer rather con
vincing arguments on the propricty of such dasafication Since the method of treat
ment and the prognosis are the «ame it s perhaps merely a matter of academic
Interest

Secondary chondromyxoaarcoma on the other hand  we feel wmerts a scparate
classification for the following reasons st 1s derived from a pre-cxasting central chon
droma or peripheral osteochondroma has a more wsidious onset and has a much
more favorable prognosts than has osteogunie sarcoma or chondroblastic sarcoma
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Fic 28 (Continuved)y Early frimary
chondrosarcoma of the femur i young
adult male The location in the metaphysis
is ymal The corual line 1s broken and
the process is characterized by bone destruc
tion as well as by soft fAuffy mottled pro-
ductine growth wiich extends into the soft
parts The grow specimen shows the extent
of the lesion {ts tendency tn elevate the
periosteum and yet 1o be confined by 2t
The microphotograph  shows a  dense
mosaic of atypical bone trabeculae witlun
whose interstices are tumor celly
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Fic 28 (Continued) Early primary
chondrosarcoma of the femur in soung
adult male ‘The location in the metaphysis
1s typral The cortical hne 1s broken and
the process 1s characterized by bone destruc
uon as well as by soft fMlufly mottled pro-
ductive growth which extends into the soft
parts, The gross specimen shows the extent
of the lesion 1ts tendency to elevate the
periosteum and yet to be confined by 1t
The inicrophotograph  shows a  densc
moalc of atypical bone mabeculae within
whose interstices are tumor cells
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Fic 39. Pnimary chondrosarcoma. An
advanced Jesion with diffuse 1myoli anent of
an extensne area of the femur Apparently
arung 1n the metaphysis, the process has
already extended nearly to the mid shaft.
Note the roentgenographic smlanty of
this disease (o osteogenrc sarcoma. Indeed,
the appearance 1s 50 like that of osteogeme
sarcoma that it 1s almost impossible to make
the dutincien oo other than hustologic
grounds. Note the presence of the reacne
bone trungle of Codman which is bemng m-
vaded from below by advancang tumor
Some pathologists are indmed to wnclude
chondroblastic sarcomas such as this m the
genenal category of osteogenic sarcoma. The
prognosis in such chondrosarcomas s
equally unfayorable.

The pauent was an adolescent boy who
succumbed 1o pulmonary metastass follow
g amputation
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Fic. 30 A and B Primary chondrosar
coma. The disal ulna 15 a most unusual
site. A reactive zone of new bane 1 mdis-
unaly scen on the medual side (Codman s
tmangle) The ulnar styloid 13 completely
obliterated by a demse sclerosing process.
The purely destructive features are seen
oaly proximal to the bulk of the tumor

mass. From a roentgenographic standpoint
osteogenic sarcoma would be a reasonable
diagnosis. The chmal course prognosis
and indications for treatment cowncide so
closely with that of osteogenic grrcoma that
actually the distinction between the two
types of tumor i1 largely an academic one.
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Fic st Chondrosarcoma of fibula.
There is marked alterauon of the normal
configuration of the proximal end of the
fibula with wregular bone destruction and
a comspicuous mayy composed of cart

1
1

—

laginous tumor with marked calabation
which projects laterally from the neck of the
fibula. This is a relatively uncommon alte
for bone sarcoma. The pauent was 2 young
man.
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Fic 32 [Irimary chondrosarcoma
There 1s almost total involsement of the os
clcis in a dense calafied tumor which pre
snts an arregular edge Infenorly with
flufly extension nto the solt parts of the
plantar mpect of the heel From a roent
genographic standpornt this lesion might
reachly be termed ostcogenic sarcoma. The
patient was a fifteen year-old girl who has
sunned twenty yeans following amputa
t1on at site of election below the knee

30
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Fic 35 Chondrosarcoma of medullary
type Thu condinon almost cerrainly de
veloped on the basis of a benign central
chondroma angd for a me was mnterpreted
toentgenographically as a gunt eell tumor
before a final pathologic diagnoss of chon
drosarcoma was made While there is a
definite tendency to encapsulation an area
where this has been broken through 1

rczd:.lyncen.lfnthcoummluno:hzd
been placed solely on the roentgenographic
interpretation this leslon might have been
treated with X rays as a gunt cell tumor
Based on asprratzon biopsy this tumor was
reported as low-grade chandrosarcoma. The
patient has remamed well with preservd
t1on of the Limb for scventeen years follow

g curettage
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Fic 36 4 and B Secondary chondro-
sarcoma of slium The entire jhum is in
volved. This type of tumor anses on bemign
chondroma and develops gradually with
sow growth. This patient had been aware
of the tumor for more than five years M1
croscopic study of the enure tumor follow
g hemipelvectomy revealed chondroma
ooly but the patent succumbed to pul
monary metastans two years after operation,

The radiopaque portions of the tumor are
due to dense alafication and not to new
bone formation This case illustrates the
danger of relying on a pathologic diagnosus
of bemign chondroma in a large tumor
which has exhibited steady insidious en
largement. In cases like this one where the
pathologist reported only chondroma, the
roentgenographic and chimcal diagnosis
thould take precedence.
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Ewing’s Sarcoma of Bone
(Endothelioma of Bone)

Il\ RECENT years, some doubt has been cast on the authentiaty of endothelioma
of bone by a few authonues who mamtam that despite Ewings concept of 1ts
origin from vascular endothelium 1n bone 1t has never been proved to onginate
the endothelium Some writers belteve that tumors which hate been dexignated as
Ewing s sarcoma arc in reality examples of metastatic neuroblastoma. There are
others who do not recognuze any distinction between Ewing s sarcoma and primary
reticulum cell sarcoma of bone

Despite these academic viewponts we may consider that there 1s a specific disease
of bone probably a primary sarcoma commonly accepted by most authoriues 3%
Ewing s sarcoma, but with doubt as to 1ts derivation from endothehum of bone o3
sels. It 1s this tumor to which we refer here

At the outset we must concede that while typical forms of the diease prodnce
roentgenographic features that are quite dsnnctive and that may be readily diagnosed,
there are many cases 1n which the features of a subacute bone infection are simulated
i fact this may at umes be one of the most difficult differential diagnoses in the fiedd
of bone neoplasms. Other cases closely resemble osteogenic sarcoma.

The typical lesion of Ewing s sarcoma occurs 1n the duaphysis of a long bone 2nd
often when first scen has produced demonstrable changes m one-third to one-half of
the shaft. It 15 osteolytrc although reacttve bone may be produced at the margins of

#
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the wmor which may simulve the Codinan s tnangle scen 1 osteogenic sarcoma
Ewings sarcoma destroys the cortex i a perulinr way at tends to split 1t 1nto sheets
or lamellac which give risc to 1ts omon shin or  plywood  appearance It generally
produces considerable soft pant swelling wiich 1 wsunlly fusiform an shape rather
than globular or pear shaped as 15 the case with osteogenic sarcoma As at grows the
tumor destrmys the corten nvades the medullary canal and may travel far beyond
the it of invasion as determinead by moentgenograms Other conditions which are
confused with Fuings sarcoma nclude  reticulum_cell_sarcoma  angosarcoma
cosinophilic granuloma mictastatic neuroblastoma and inflammatory lesions of bone
such as lues It 15 worthy of mention that kwing s sarcoma may present a wide range
of vanable features as scen on N ray films To substantiate thus statement one has but
1o examine a large number of cases roentgenograplically m which the pathologic
dugnosrs of Ening s sarcoma has been rendered
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Fic. 87 Euings sarcoma an exceed
sngly early example 1n & 17 year-old gl At
this stage of the disease clasical Xny
changes are lacking and the only nignficant
feature s frregular cortical destruction One
could predict that the leston 13 malignant
but microscopic confirmation 13 ementul
It could easily be nustaken for reticulum
cell sarcoma of bone, This patient survived
four years and ten monthy after roentgen
therapy At autopsy multiple boae and
visceral metastases were found
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Fr. s8. Ewing s sarcoma (endothe
homa) tn & 257 year-old male There Is con
uderable srmilarity to the appearance seen
in early cases of bone infecion a feature
that has been repeatedly emphasized In
this mstance there Is neither periosteal re
action not distortion of the normal outline
of the femur and nonc of the reactive bone
condensation which 15 usually scen In osteo-
myehts.

It is seldom possible to determine from
the roenigenogram the distal or proximal
Lmuts of the disease because at the growmng
margm the leston fades off imperceptibly
into normal appeaning bone The wide ex
tent of the disease tn many cases has led to
the belzef that in treating a primary endo-
thelioma 1n any bone the portals of \ my
therapy should extend far beyond the
ipparent confines of the tumor as judged
by Xeray films and by chinical examination
Failure to talc this precaution may result

m local “recurrence” adjacent to the area
treated,




48 TUMORS OF BONE A ROENTGENOGRAPHIC ATILAS

Fic %9 A eand B Emngs sarcomé
(endothelioma of bone) in « a0-year-old
man The duphyseal location inde extent
of involyement expansion with lamellar
reactive bone and irregular cortical destruc
uon arc typical roentgenographic featnres.
The photograph of the gross speauned
reveals a pathologic fracture which occurred
after the rocntgenogram was made It also
discloses the fact that the disease extends
throughout the entire portion of the specr
men




FILINC S SIRCOM I OF BONF (ENDOTHFIIOMA OF BONE)

Fic, 40 Ening s sarcoma (endothe

llOm) of tibtaina ro-year-old female This
Elc illustrates the Lack of consistency n
u:cmm‘gd)ognphlczppamncc of this dis-
- Here, the process occupies an area

¢ commenly the site of osteogenic sar

coma and the “onion shin  lamellation 13
absent. The lesion howerer 15 osteolytic
and extends further down the shaft than 13
apparent on superficial exammation In this
case there were metastases to radius, femur
and other bones.
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Fie. 41 Ewing 1 sarcoma (endothe
lioma) 1 a rg-year-old male Here, the fun-
form, bully soft part swelhing, the location
1n the draphysis, the wide extent of involve
ment of the shaft, all are classial roentgeno-
graphic findings in this dusease. Below the
greater trochanter is scen productite bone
formation which is reactine mather than
tumor bone yet this feature is more typical
of osteogenic sarcoma sunce the new bone 15
laid down at nght angles rather than par
allel to the shaft. The extraordmary varia
tion 1 the radiographic appearance which
ths tumor can produce makes 1t extremcly
dufficult 10 male a correct durgnosis in many
aises. It is our impresmion that the clasnal
description fits only about balf of the cascs
encountered  Hustologic confirmation b
asential
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Fic. 42 Fuing s sarcoma (endothe
homa) of fibula The [eatures here pre
sented are the posfuon in the diaphysis
the wide extent of Involvement and the
1rregular destruction of cortical bone with
avpansion of the fibular shalt The often
described onlon-skin lamellated appearance
1 lacling Thus 15 one of the most radiosen
sitne pnmary bone tumors exceeded only
by reticulum cell sarcoma. As adequate
Ny treatment usually will control the
local lesion and as regardless of the type of
therapy death almost always occurs we
have ducontinued routine amputation in
favor of srmdration and reserve surgery for
the occaronal cases seen after biopsy has
Leen complicated by infection and funga
tion.

nt
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Fic 43 Enmngs sarcoma (endothels
oma) of fibula Note the location 1n the
medial third of the shaft This roentgeno-
gram lacks the typical features of thi du-
ease probably due to the fact that a mmall
dose of X1y had been administered pre-
viously Films made much later were far
more typical and microscopic proof of the
nature of the ducase was then obwaned.
One should neser admmister roentgen
therapy in a case of suspected Evings sar
coma before microscopic confirmation of
the diagnoss has been obtamed even mild
doses will render a histologic report unre
liable and usually the pathologist wall sus-
pect an inflammatory process.
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Fic. 44 A and B Euings sarcoma
(endothelioma) of t1b1te Here despite the
microscopic report of endothelioma the
foentgenographic  appearance 15 much
more wuggestine of reticulum cell sarcoma
of bone. The age of the panent (s0)
4 alo more compauble with the latter
dignoss. It should be emphasized that on
histologe grounds the distinction between

these two tumors is sometimes extremely
difficult In this case & preoperaun e diagno-
s1s of fibrous dysplasia was seriously con
sidered. This and preceding cases emphasize
the fact that Ewings sarcoma often gives
widely diergent roentgenographic features
and when this occuns, 1ts correct meTpreta
tion on films alone may be almost 1mpos-
sible
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Fic. 45 A and B Ewing's sarcoma mconﬁrmcdhuml@allyunthcracdcd
(endothelioma of bone) in an & yearold specimen Evwing s sarcorna of the ribs s un
girl Diffuse and extensive destruction of all common and roentgenographic interpreta
the layers of the rib with some irregular tion is cven more difficuls than in loog
bone production. In this case the diagnons bones.
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Fro, 46 FEwing s sarcoma (endothe
lioma) of seapula. The roentgenographic
dagnosts of primary malignant tumors of
fiat bonres 13 usually more difficult than that
of long bones. The changes scen in the
glenoid and beneath It are those of expan
sion, Irregular destruction and a lamella
of periosteal reacuse new bone formation
This is  rather early lesion

There was a globular soft part swelling
which was readily scen and palpated The
patient wasa garl of 4 years, Death occurred
from metastass,

The tendency of this type of bone mr
coma to spread to other bones ls well
Lnown. In this respect 1t differs from osteo-
genic and chondrosarcoma which spread to
other bones only occasionally
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Reticulum Cell Sarcoma of Bone

AN ACCURATE rocntgenographic interpretation of reticulum cell sarcoma
cannot casily be attamed This has been pownted out by various authors 1 the
past who have found the roentgenograms to be of little assistance 1n the diagnoss. In
a recent study however Sherman tnd Snyder (1947)' have taken an opposite view
mantaming that by this means a correct diagnosis can be readily reached or at least
suggested

Reticulum cell sarcoma has its origin mn the medullary portion of the shaft or i the
subcortical cancellous portion of the extremities of long bones also in flat bones 1t
onginates beneath the cortex. As 1t progresses 1t destroys both medulla and cortex but
shows Little tendency to provoke periosteal reactive bone growth The destruction 1
manifested by a fincly granular or patchy osteolytic process. There 1 often a alight
expansion of the shaft of a long bone producing a widened and fusiform enlargement.
The picture produced by these changes may be described asa cracked 1ce 2ppearance.
Frequently a considerable soft part mass 15 evident which may be demonstrated on the
Xray film At umes this mass becomes more conspicuous than the bone nvolvement
and thus where the tumor lies near a joint may lead to the muconception that 1t 12
synovioma.

The presence of a tumor which may superticually resermble Ewings sarcoma 10
2 patient past 25 years of age 13 strongly suggestive of reticulum cell sarcoma. Osteo-
myelias 15 another letion which may produce bone changes which closcly resemble
reticulum cell sarcoma. In 5o per cent of cases seen by the authors the femur or tiba

was the site of involvement
Sirvwar R S and S\iom, R E Romigen sppearisce of primany retkwhmm cefl saroms of bont. 4w
] Roesigemel ghi v 998 547
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Fic 47 A4 and B Reticulum cell sar
coma of proximal humerus Note the exten
s1on of the disease from midshaft to head
the arrepular patchy osteolysis and the
slight expansion of the shaft with some reac
tive bone laid down alang the cartex This
1 a fairly ypical picture of primary retic
ulum cell sarcoma of hone Because of the
marked respanuniencss ta doses of \ oy
that are well witdun the limuts which normal
bone can tolerate without permanent severe
damage this tumor should be treated with
ligh voltage irradiation Moreover there is
evidence which leads us to advocate the use
of the mived tovins (erysipelas and serratia
marcescens  Coley s toxins) By a combina
tion of X ray and toxin treatment we have
approximately 40 per cent five year sur
vivals,

This patent 15 well and apparendy free

of duease five and one half years after treat
ment.

57
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Frc 48 A4 and B Reniculum cell sar
coma of ulna in a girl of 18 The lesion is an
osteolytic ene but the destruction [s patchy
and frregular leaving streaks of uninvolved
bone which appear more promunent by con
trast Thus 1s a farrly early lenon and fol-

lowlng treatment with irradiaton and
Coley s taxins, was controlled for mmne years.
Local recurrence then became evident and
amputation was followed by metastases and
death cleven years after the dizgnons was
first established microscopleally
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Fic 49 Pnimary reticulum cell sarcoma
of bone tn a 25 year-old man The discase
has affected a considerable area of the distal
femur and 1 osteolyuc without any produc
five features The condylar portdon of the
bone is actually uninvolved but appears
aboormally dense by cootrast. Note the

spotty character of the osteolync process
The pauent 1s alive and well without symp-
toms and with no disability five years after
treatment with X rays and toxins.
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Fic 5o Primary reticulum cell sarcoms
of the femur The atuft and metaphyns s
the site of an {rregularly destructise process
which caused 2 mottled appearance more
proounent 1n the medullary than 1n the
cortical portion of the bone. There is no
expansion and no reactive marginal bone
productien. This patient a middle-aged
woman, 15 well four and one-half years fol-
lowing combined irradaten and toxn
therapy
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Fic 51 Reticulum cell sarcoma of bone
m a 54year-old men This is a difficult
lesion to describe There 13 an irregular and
ill-defined rmarefxction with comedental
osteoblastic actinity The anterior surface
of the tibua! cottex 15 not preserved while
the postenior surface appears intact There
15 marked variation in the roentgenographic
appearance of retniculum cell sarcoma
Hence this neoplasm presents considerable
difficulty from the standpoint of diagnoms
on roentgenographic evidence alone, Ampu
tatuon was performed after a dose of 1725 T
of high voliage roentgen therapy the speci
men revealed no viable tumor cells despite
this relatively small amount. The pauent 1
well without evidence of duiscase five and
three-quarter years later

Gt
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Fic 52 4 and B Reticulum cell sar
comain a 55 year-old woman The diagnosts
from roentgenographic evidence was that of
oteogenic arcoma from the biopsy spea
men metastatic arcinoma of the breast,
and from the enure resected specimen of
the fibula, reticulum cell sarcoma. Note
that in this case there war some reactne
new bone formaton accompanylng the
more prominent destructive features of the
discase

Folloming resccdon  patient  received
1800 r depth dase of X ray therapy and has
remained free of discase for three years,
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Anguosarcoma of Bone

THIS type of tumor 1 rare Few roentgenologusts or climaans have the opportumity
of sceing more than one or tvo cases. The difficulty of rendering a correct diag
nosis 1 marcased by the fact that there are no casily recognizable characteristic fea
tures to be noted on Toentgenographic examination Some cases have been established
a1 aruing upon benign hemangiomas of bone Rapid growth marked pamn and irregu
lar bone destruction should 1n such istances arouse suspicion of angosarcorna. The
roentgenologut will have done well however to have armived at the conclusion that

the process 13 a malignant one and the exact chagnosis must 1n most cases be left to the
pathologst
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Fic 53 A and B Capsllary angiosar
coma in a [6-year-old gir!l Thu is a rela
tinely mare tumor Note the rather arcum
scribed area of bone destruction with dense
reactive bone beneath it and a zooe smmular
to Codman s trnangle distally which might
suggest asteogenic srcoma, This tumor
does not of 1self produce bone but destroys
it. The reactive bone marginally 15 normal
bone stimulated by the advarang mmor
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The photograph of the gross speamen
shows the [nvolvemsent to be sharply limited
to the same area of the latera] aspect of the
proumal end of the humerus which 1s
clearly seen on the X ray film

Treatment comsuted of preoperative
roentgen therapy followed by interscapulo-
thoracie amputation. Pattent was well two
and one half years later
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Fic x4 Liposarcoma of bone in & 49-
year-old man Tlus 15 an exceedingly rare
form of primary malignant bone tumor
Few cases have been reported and the
authentiaty of the leyion as a scparate
entity 15 not genenally conceded. From the

roentgenographic standpoint one could con
sider 1t to be rmalignant and would be most
likely to classify 1t as metastatic however
2 medullary osteolytic form of asteogenic
sarcoma mught be conndered.
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Malignant Guant Cell Tumor

WILE the term henign s correctly applied to the vast majonty of guant cell
tumors we recognize that there 13 a malignant form as well The latter ay
occur spontaneously at the outset, or may develop during treatment upon a basically
benign grant cell tumor so diagnosed by competent authonties based upon a histo-
logrc study Giant cell tumors which when first seen have had neither operation nor
\ ray therapy and are classified histologically as malignant are extremely rare Those,
however vwhich after curettage or roentgen therapy or a combination of both are
later found to present microscopic criteria of malignancy are not so uncommon. Some
authonties estimate that this malignant evolution occurs 1n approximately 10 per cent
of cases which had been classified as bemign on the first microscopic study

It 13 not dufficult to interpret correctly the roentgenograms of an advanced case of
mahgnant grant cell tumor but m the gradual transition of a treated case from 2
benign 10 2 malignant phase 1t may be quite difficult. In the presence of obvious pro-
gression of the lesion and with irregular destruction of the cortex and a  break
through 1nto the adjacent soft parts the correct mterpretation of malignant trans-
formaton may be 2 relatively simple matter Borderline cases are much more of 2
problem The roentgenologust should be mfluenced by the symptom of pan 1ts degree
of severity and 1ts mcrease by msensible gradations Microscopic stady of aspiraton
btopsy matenal may be required for confirmation
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Fic 55  Malignant grant cell tumor ina
37 year-old woman Before operation this
unusual case was not considered serously
as a guant cell tumor or as mahignant,

Malignant giant cell tumor (with no pre
vious treatment) 11 exceedingly rare More
over gnnt cell tumors of the ihiac bone are
also unusual. The histologic diagnosls was

made at operation which consisted of curet
tage and 1mplantation of bone chips of

bank bone The padent iy still well and
active without symptoms four years later
despite no further treatment, Thus surpris
g clinical result cannot readily be ex
pluned.
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Fic. 56A

Fic. 6 4 and B AMlalignant glent cell
tumor There are two forms in which thls
tumor may appear the fint and by far the
rarer 15 mabgnant when first seen and ex
amined histologically The second form of
which this 1s an example, 13 benign at firn
microscopic study (Fig 56A.) but after
curettage, 1rradiation or partcularly aflter
a combination of both 1t shows progressine
hustologic changes ending In frankly sarco-
matous tisue Under such arcumstances
pulmonary metastasis usually supervener.
In this g5 yearold man the sequence of
cvents was as follows
1 Aspirauon biopsy  gunt cell tumor”
t Curettage: “giant cell tumor (in ooe
areaguant cellsarerare  and in this
area I would not guarantee benign
angy)

3 Obwvious recurrence—aspiration biopsy*
mmear seems to indicate recurrence
or extension of guant cell tumor™

4 Amputation tumor resembles the sus-
picious cellular area in the curettings
Is a giant cell tumor gowng orer 1Nt0 2
telangiectatic sarcoma?

5 Death from pulmonary and iertebral
metastasty,

The mKTosCOpic €XamINations were re
ported by Dr Fred W Stewart, pathologst
at Memonal Hospial New York, N }
The film from which this {llustration was
made shows the condition prior to ampt
tation (B) and before curettage (4)- The
lateral condyle shows a “brealthrough
Houwever the roentgenographic appearance
15 sull not inconsstent with benign glant
cell tumor This aase 1llustrates the impor
tance of microscopic study of these tumors.
The enure hospital course was only four
maonths and the patient died emght months
after his first symptom.
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Fic 56 B

Gg



7
Plasma Cell Myeloma

SINCE three of the four forms of myeloma re considered of exceptional ranty we
will confine oursclves 10 a discussion of the fourth ¢ ¢ pluma cell myeloma. Thu
duease charncterustically gives rise to multiple bone lestons which are mvariably osteo-
lytic. They may be small spherical punched-out areas or larger irregular defects, In
some nstances the shaft of a long bone may be expanded

Since the red marron of the flat bones and the ends of the long bones are the aite of
myeloma 1t follown that the skull sternum vertebrae pelvis and the proxumal ends of
the femora and humer are most frequently affected. At times the shafts of long bones
are also mvolyed

Solitary plasma cell myeloma has been described. Unquestionably cases are du-
covered which present only one focus of the discase after a complete skeletal survey
In such cases however other bone lesions nearly always eventually appear and the
disease progresses with a fatal outcome One cannot assume therefore that a mngle
destrucave lesion 1s not a myeloma

The prinapal problem in differential diagnosts 1s to dstnguish between myeloma
and mewatatic aranoma Both affect the same age group and the roentgenograplic
features may be s0 simular as to render 2 differenuation imposuble In doubtful cases
the elevated serum protem and reversed albumen globulin ratio may ndicate mye-
loma A mucroscopic study of biopsy maternal will prove condusive.
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Fic 57 Plasma cell myeloma in a 43
yearold woman Both mnominate bones
and the vuible portions of both femora
show innumerable areas of sharply outhined
lessened denaity many of which appear to
coalesce. The only bone duease with which
this condition might be confused 13 wide
spread metasauc cancer however the com-
plete absence of reacuve margnal density
13 less often scen 1n metastatic cancer
bone. Elevadon of the total serum protein
and reversal of the albumen globulin ratio
confirm the diagnons




TUMORS OF BONE A ROENTGENOGRAPHIC ATLAS

Fic. 58  Plasma cell myeloma same case
as Fig s7 Sumilar punched-out areas of
destruction are seen in the humernu
cavicle and scapula which is charactenstic
of thus ducase. The dragnosis can reacily be
confirmed by aspiration bilopsy of any
typical area or by sternal marrow puncture,
Vertcbral body involvement with varylog
degrees of collapse often gve rse to back
pain which may be the initial symptom
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Fic 59 Plasma cell myeloma (same case
as Figs 57 and 58) Note the mulupliaty of
small punched-out lesions which 1n the
skull 13 scldom seen in metastatic @ncer
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Fic Go Plasma cell myeloma in a 56-
yearold noman Typial appearance of ex
tensive involvement of the calvarium. The
Iytic areas tend to be ovoid or spherieal and
vary markedly {n mze. Some of the numer
ous smaller areas have coalesced to form the
larger punched-out lesions. No marginal
resporse of & reactive nature 15 evoked
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Fic 61 Plasma cell myeloma in a 4o-
sear-old male Note the widespread involve-
ment of the nls and scapulae with muluple
small arcumsenbed areas of bone destruc
tion Pathologic fracture of a b or com-
pression fracture of a vertebra are often the
first symptom of the dusease
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Fia 62 Soltary plasma cell mycloma
of humerus i 8 48 year-old man The roent
genographic appearance would not permit
of thus diagnosis since a metastatic lexton
could simulate thu condition almost e
actly At the time this view was made a
skeletal suney showed no evidence of any
other bone involvement but trenty months
later at another mstitution muluple bone
mvolvement was demonstrated. Vve have
never observed a so-alled sohmary plasmm
cell myeloma which if followed over 2
peniod of months or yean, did not even-
tually develop multiple lesions and did not
progress to a fatal termination.
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Metastatic Carcinoma

HE numenel importance of bone metastasis as compared with primary bone sar

coma should be emphasized In patients past the third decade of hife there i
greater likelihood of a malignant tumor-of bone being metastatic rather than primary,
Since a complete skeletal survey of patients with carcinoma 1s not a routine procedure
m most mstituuions the frequency of bone metastases lacks full appreciauon Itis not
uncommon to find pattents whose 1mitial symptoms are referable to the presence of a
metastatic bone lesion but m whom the primary tumor was unrecogmuzed prior to
admusion In an apprecuable percentage of such cases a complete phynical eamina
tion will fail to suggest the site of origin not will a thorough work up including a
roenigenographic study of the chest intesunal tract and unnary system necessanihy
dusclose the pnmary focus which may remain undetermined until an autopsy 1s per
formed.

Wheneier a patient who has had a carcinoma subsequently develops a bone lesion
there 15 strong presumptive evidence of metastass and roentgenographic studies will
offer condlusue proof

A well known feature of cancers of the breast, prostate kidney thyroid, and lung
1 therr predilection for bone metastasis. These tumors are termed ossophile Those
which orgimate 1n the skin otal cavity esophagus, cervix, stomach and colon show
htle tendency to spread to bone and are ailled ossophobe However any malignant
tumor may be associated with skeletal metastasis

Metastases 10 bone may be predominantly ostealytic, as with kidney and thyrod
predominantly esteoblastic, as with prostate and breast or a combinauon of both, If

7
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treated with radration therapy or by hormones there may be a distinct osteoblastse
Teaction m areas presiously osteolytic.

Muluplicity of bone lesions has been described as characterstic of breast and pros-
tatic cancer while solitary lesions have been considered to be more often the result of
thyroid and lidney cancer Whale this 1s often true exceptions are found often enough
to make 1t unsafe to rely on the number of metastatic lesions mn a given case as india
uve of their source The site of skeletal metastasis varies in cancer of dufferent orgam
for example prostauc and breast metastases nost frequently occur in the spine and
pelvis while the extremities are more often affected by mctastases from the kidney
and thyroid Table 1 summarwres the number and percentage of cases that developed
skeletal metastases 1 the total number of cases of ancer of speaific organs admitted
to Memonal Hospital 1n 1942

TABLE 1 Inadence of Bone \Metastasis
In Sentes of Cancer Cases 1dmitted 1o Memonal Hospital in 1942

Total cases

Primary stte Total cases developing Percentage with

of cancer admitied in 1gy3  bone metastens  bone metastasys
Prostate 81 18 58.06
Kidney 16 7 1375
Thyroid 10 4 20.00
Breast 616 1 1948
Lung 87 16 1839
Soft parts 5t 7 1378
Bladder 57 s 811
Testicle 14 1 714
Stomach a3 3 315
Oronzml 411 10 48
Uterus 259 6 181
Skin 10 5 4
Rectum 225 2 088

ToTals 2162 04 H4
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Fic Gy \Vletastatic breast cancer Note
the locatton 1n the distal femur which 1
unusmnl The process 1s osteoly tic and rather
arcumseribed and bears some resemblance
to giant cell tumor or central chondroma
When such a lenon Is discovered m a
woman known to have had mammary an

cer the dignoss 13 relauvely casy But
occasionally the presence of a pnmary car
cinoma 1n the breast 1s not suspected until
after the discovery of the metastatic bone
lesion and the breust tumor may be quite
small and difbcult to find
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Fic 65. AMetastatic breast cancer—dif
fuse Note the widespread and confluent
arem of involvement the leston 1s primanly
osteolytic, The destrucuon has produced a
mathologic fracture without evidence of re

pair Osteolytic areas may become markedly
osteoblastic under the influence of hormone
therapy This case presents features sugges-
tive of plasma cell myeloma (compare with
Fig 58
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Fic 66 AMMetastatic caranoma of pros-

blastic or osteoljtic; the former phase 15 far

blastic

more ¢ and this vanety of ancer

tate The process is typically
producing a densc scleroung area with an
tll-defined proamal margin whrch fades
into ngrmal boae by insennible gradations.
The presence of the lesion 1n the distal
end of the tibia 15 unusual

Prosatic metastasis to bone may be osteo-

evoles the most pronounced reactive bone
formation of any metastatic process. How
ever lytic areas aiso are found which tend
to become osteoblastic follow Ing castration
or hormone therapy
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Fic 67 Metastatic carcinoma of pros-
tate The maximal involvement 11 seen 1n
the sacrum and night innemmate bone, The
process 13 almast entirely osteoblastic but
there are small ovoid areas of osteolyns
best scen in the nght illum Such cases have
been mistaken for osteids  deformans
(Paget s disease) as both are anociated with
a high_scrum alkaline phasphatase. The
acid phosphatase elevation so frequently
found n prosatic cancer 15 absent n
Paget s discase The mmall metallic forelgn
bodies seen near the night pubis are gold
radon seeds which had been 1mplanted m
the prostate gland.
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Fic 68 Metastatic caranoma of kudney
The involved area presents an expansile
sponge like complex of destructive and pro-
ductive features totally irregular and ik
defimed. Occastonally this tumor may give
se to a sungle sheletal lesion. Cases arc ot
record where amputation of such a meta
static area has led to the correct diagnosis
and subsequent nephrectomy has been fol-
lowed by years of survival without furtber
evidence of duease Thu tumor 18 known
a3 clear cell renal caranoma
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Fic 69 AMetastatic renal carcanoma of
tlum The process 1 a solitary one and 13
destructive without producing expansion
1ts marging are not clear-cut. Frequently the
metastasis 1o bone 14 the first symptom and
the primary kidney tumor 1s recognuzed
only after further imvesugauon. The

patuent was a middle-aged woman The
roentgenologist could scarcely be expected
to foretell the primary site but metastatic
caranoma does seem the most likely diagno-
sy Mycloma though less probable also has
to be considered.
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Fic 70 Metastatsc thyrord carcinoma.
A large purely osteolytic lesion with com
plete destruction of a portion of the crest
of the 1hum and without expansion of the
bone. The primary focus in the thyroid
gland was 30 small that 1t could casily be

overlooked. Patient was a gy year-old mao
The thyroid was removed and the hiso
logac appesrance of the primary tumor coin
cided with that which was obuned from
the {llum by aspiration
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Fic.71  Mletastatic carcinoma of thyroid
(socalled bemgn metastaunng struma).
Tins film reveals muluple foa incduding
the right 1lium and head and ned\ of the
femur and the left femoral nech which was
the nite of 2 pathologic fracture wluch hay
healed under treatment. Bone lessons n
cases like this onc may be discovered from
five to ten or more years after thyroldec
tomy has been performed for what, histo-
lo;ally may hase been mnterpreted as a
benign goiter

87
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Fi& 72 AMletastatic bronchogenic ar
anoma. At fimt glance, the leston scemt
rather sharply Limited to a small segment of
the humerus however there 15 2 spotly
rrregular destructive process which extends
both proximally and distally for some dis
tance The subperiosteal new bouc Tad
down on the medial aspect of the area of
greatest destruction represents caltus forms
tion, t.c Teactive bone about the fmpend
ing pathologic fracture.
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Fre 78 Metastatic carcinoma of uterus
(corporeal endometrium). The process 13
almost entirely destructive with only a few
WUPs of reactive new bone formation In a
patent in the cancer age one would con

sider such a leston as probably metastatic
but the source of the primary growth would
scarcely be attnibuted to the uterus from
which bone deponts are seldom scen.
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Fic 71 Metastauc rectal cancer The striations of increased density are seen The
mud shaft of the ubia 1s the site of 2 bully contiguous portion of the tibia shows ero-
soft-part tumor in which fine perpendicular si0n

Case of Dr Fred H. Devher 2nd James C Fash  eprodoord by courtony of Esstnan Rodsk Co.
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Fic 45. Melastatic caranome of cae
cum ‘The intertrochantenic area and proxi
mal portion of the diaphyss show a mottled
osteolytc process which i places involves
the cortex and has caused a pathologic frac
ture with coxa vara deformity Large bowel

cancer rarely spreads to bone. Its inadence
15 less than 1 per cent of all skeletal metas-
tases. It has no peculianties on roentgeno-
graphic study which serve to disunguish 1t
from other fortns of metastatic ancer
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Fic. 76 4 and B Metaslatic caranoma
of parathyrord The nght ransverse proces
is greatly expanded and largely destroyed.
The entire cuthine of the bone 15 dustorted.
Its infenor border presents an Irregular
nibbled appearance. Productive or reactive

bone i3 absent. This pauent wai a0 adule
male with a conspicuous swelling m the
thyroid region which, on removal, was
found to be cranoma of 2 parathyroid
gland Biopsy from the vertebral levoa vt
reportcdtobcolanmilzrmmrc
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Fic 77  Metastalic neuroblastoma. Thus
film shows almost rotal involvement by a
finely dustributed osteolytic process The
discrete osteolytic areas are minute in nze
and give the appearance of a sponge like
texture Bone production is lacking This
pauent a child, also presented extensive
lesions of the long bones (see Fig. 78)

93
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Fia. 78  Metastatic neuroblastome (same
case as Fig 77) This tumor 13 destructive
with no appreciable reactive bone The dis-
case Is wideapread It 1s frequently mistaken
for Ewings sarcoma and this is one in
stance in which even the pathologist may
find it difficult, if not imposaible, to deter
mme from the microscopic sections which
of the duseases 15 present. Skeletal survey 18
esential If only & single view Is obtained
the process may resemble reticulum cell
sarcoma of boae.
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Fic 79 Hodghkin s duease involtoing the
lumbar spie Tlns disease may give rise
to either lyuc or osteoblastic metastases.
Here the process is productine rather than
datructive In the qth lumbar vertebra 1t
14 spotty n nature while tn the 2nd it iy
more diffuse. Fortunately for the roent

genologust the diagnons of Hodghin s dis-
case has usually been esablished by the
ume bone lesions are mamfest. There is
considerable similarity to the deposits of
prostauc cancer which however usually
occurs later in Life than Hodghin s discase.
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Fic 80 AMetastans to lumbar vertebrel
body from malignant melanoma The an
terfor border of the body 1 wrregularly de
suoyed and there has been a definite com
pression with narrowing of the vertebral
diameter There 13 nothing s ic about

the rocntgenographic appearance of meta-
static melanoma 10 bone, Skeletal sprezd Is
unusual and the dingnesis bas usually been
made previous to the discovery of bone

deponts.



MFETASTATIC CARCINOMA

Fic 81 Alycons fungordes of the clan
cle This 1s a rare bone lesion  The normal
outhne of the acromual end is almost
completely destroyed. The involiement is
chiefly destructive. There 1 nothing charac
teristic about its appearance which would
enable one to differentiate 1t from metas
tases or other vanieues of malignant dis-
ase.
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Fic 8 A and B Malignant synovioma
The unusual feature of this lesion 13 its
extensive bone destruction chiefly of the
scapula in addition to the bulky soft part
mass It 13 included here because though
synoviomz 13 a lesion of the soft parts, 1t is
frequently associated with bone destruction
which males 1t necessary to consder 1t

|

among the bulky tumors with bone involve-
ment 1 the neighborhood of a joint. Note
that the lesion 15 purely osteolytic. A nom-
ber of cases have been observed in which
the dagnosts of a primary bone tumor was
made on clinical and roentgenographic evi-
dence but microscopic examumation proved
the presence of malignant synovioma,
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Bemign Tumors of Bone

THE roentgenographic features presented by benign tumors of bone arc on the
whole fairdy suggestine 1f not actually diagnestic. Thus when a lesion of bone
presents these charactersucs one can usually be quite certan of the diagnoss The
comparative mldness of symptoms or even the total absence of complaints 13 strongly
suggestive of a berugn condition. When a swelling or abnormal promtnence has been
known to exit for a prolonged period or has been accidentally discovered by the
patient or hus family the likelthood 1 strong that 1t 15 bemgn

In centrally placed tumors the arca of bone destruction 1s usually well arcum
scnbed 1ts outhine 18 smooth and irregular bone destrucuon 15 lacking Expannon of
bone 1n the absence of such destruction 13 a common finding one that 1s frequenty
seen 1n bone cyst giant cell tumor and also 1n fibrous dysplasia

The benign tumor which most often presents as a projection from the juxta-epiphy
scal region of a long bone 1 ¢ an osteochondroma exhibits such a distinctive roent
genographic appearance as to make the diagnosw relatively certain Such tumors when
occurring 1 a paired bone (fibula tibia radius or ulna) may cause distortion of the
unaffected bone by prolonged pressure a good example of the plasucity of bone
Changes produced by such a bemugn lesion duffer from those exerted by a sarcoma
which may actually erode and irregularly destroy the neighboning paired bone

]
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Types of Benign Tumors of Bone

Osteoma Myxoma
Parosteal Osteorna (Juxtacortical low Hemangioma
grade osteogenic sarcoma) Fibrous Dysplasia
Osteord Osteoma Solitary Bone Cyst
Nonosteogenic Fibroma Gunt Cell Tumor
Osteochondroma Adamantinoma
Central Chondroma Chordoma

Benign Chondroblastoma

OsTEO\A

Features which make the diagnosis of ostcoma comparatn ely sunple are absence of
bone destruction smooth regular outhne failure to produce soft-part tumor and 2
dense radiopaque character of the shadow Thus type of tumor 1s relatively rare. The
cramal bones and bones of the jaw and face are the most frequent sites. Recently
attention has been drawn to a peculiar tumor of the long boues which has been termed
by Copeland and Geschickter parosteal osteoma  Thus 13 a neoplasm which may have
a prolonged course tends to recur after incomplete removal and ultumately may
metastasize to lungs waith fatal outcome

Osteom OsTEOMA

There are few lesions of bone which can be correctly diagnosed by means of roent
genograms with greater frequency than can osteoid ostcoma The charactenstic pic
ture 15 2 zone of dense scleronc bone often eccentrically placed usually 1n the shaft of
a long bone This zone gradually fades out at the periphery to merge mscnsibly with
normal bone Within the sclerotic area a small 1rregularly sphencal or oval rade
olucent nidus may be seen although for ats idenufication exposures of greater penetra
tion may be required than are customarily made. The midus may appear 1n the
sponguosa or 1n the cortex. Hence spot films made with constderable penetration are
of value, If osteord ostcoma 13 suspected and rmitial roentgenographic examsnation it
negative re-caarunation after a period of a few months should be msisted upon.

NonosTeoGENIC FIBROMA

Thus distinct enuty may be confased swith monostotic fibrons dysplasia It s charac
terized by a radrolucent arez whuch 15 scen more often wn the proxamal or datal third
of a long bone and 1n the lower rather than the upper extremty It s rrregularin shape
frequently eccentrically placed. Its most strking feature 1 the narrow rone of shightly
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inareased density at its periphery Ttas wsually symptomlcss and often discovered
because films are made for some unrelated condition It docs not tend to expand the
bone as 1 the case with monastotic fibrows dysplasia

OITOCHONDROMA

It 15 seldom difficult to make a correct diagnosis of osteochondroma solely on x ray
examination These tumorts appear as arcumscribed nodular projections. They usu
ally occur near the metaphyns of long bones and their attachment may be by a broad
pedicle which merges gradually with the normal bone Occasionally flat bones such
a3 the scapula and pelvis are involved There 1 generally a mottled alafic deposition
which gnes a characterntic tadiopaaity When the lesions are large or af there 1
a relble history of rapid ncrease m size one should be extremely suspscious of a
chandrosarcamatous change that may hae already taken place. These tumors nearly
always have a artilaginous cap which 1 poorly visualized on roentgenograins but 13
readdy demonstrated at operation

From the roentgenologust s standpoint the mmportant decision 18 whether a given
case has undergone mahignant alteration or 1 still bemgn The skiagrams may be more
helpiul than the microscopic sections 1n reaching this decision

Ce~nTrAL CHONDROMA, ENCHONDROMA CHONDROMYXOMA

This form of bemgn cartilaginous tumor 1s less common than the osteochondroma
It 11 estenually a lyne process and occurs most frequentdy 1n the shaft of a long bone
where 1t has 2 predilection for the metaphyseal area but may also extend to the epiphy
seal portion It 15 the commonest bone tumor of the phalanges of the hands.

‘When major long bones are affected the pomibility of future malignant evolution 1s
always present, the transformation to chondrosarcoma often occurring innidiowsly

Roentgenographically central chondroma may be mistaken for grant cell tumor
fibrous dysplasia or bone cyst howeser the presence of a fine suppling of alafic
deposits within the radiolucent area 1 chamacterstic of chondroma and 1s seldom
observed 1n the other conditions with which 1t may be confused. The lesion may
expand the cortex and cven produce a palpable or visible fusiform swelling

Beaneh CHONDROBLASTOMA
This rather uncommon vanety of aartilage tumor way first descnbed by Codman
who considered 1t a varant of guant cell tumor but Jaffe pointed out 1ts apparent

ongin from arulage germ cells and proposed the term benign chondroblastoma 1t
occun 1 the age group of 13 10 35 yean. 8o per cent of the patents have been males.
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It was oniginally considered to be a lesion peculiar to the proximal end of the humerus
but the lower femur and upper tibiz may be mvolved. When 1t occurs 1n the humerus,
the_epiphysis for the greater tuberosity 15 the portion mest promunently mvolved
whle that for the head 13 either spared or only shightly affected

Roentgenographically this tumor presents a fairly characterstic appearance 1t
occurs as a round or oval area cpiphyseal or juxta-epiphyseal well circumseribed, not
large often eccentric, and with a distinctly mottled appearance due to ealafic deposits
within the aralaginous aasue Surrounding the area occupied by the tumor there i
condensation of bone similar to that seen at the peniphery of an area of attenuated
bone mfection.

Mroya oF Bone

Considerable doubt exists as to the reality of myxoma of bone as a distinct entity
and there are very few references in medical hiterature since Bloodgood first desenbed
1t 1n 1923

Myxomatous degeneration of central chondromas 1s on the other hand a common
finding and the same 15 true of chondrosarcomas dernved from bemign chondromas.
We have scen only one case 1 wluch a diagnosis of pure myxoma of bone could be
reasomably supported

Roentgenographic appearances of central lesions containing myxomatous roateral
do not differ from those comprused of pure cartilage. The conclusion 1 reached thatat
18 not profitable to attempt to separate the myxoma from the chondroma of bone from
wluch 1t 13 probably dernved by a degencratve alteration

Hestancroua o Bove

The roentgenographic appearince of hemangtoma of the spinc 1 duagnostic there
are vertical striations due to the loss of the more dehcate bone rabeculac between
these strations The entire vertebral body 15 mvolved and often 1ty verucl diameter
s slighdy reduced with 2 corresponding ncrease 1n it trapsvene diameter Its contour
bowever 1s not appreciably changed

Angioma of long bones 15 a rare condition 1t 1sa arcumscnbed psteolytic process
which tends to produce expansion 1ts appearance has been compared by Brailsford
toa shaggy head of hair in which there 15 2 centrum with coanse shghtly wavy boxy
trabeculae radianng from it

Several cascs of angrosarcoma of bone have been seen which the pathologst felt had
arisen on a pre-cXisting angioma.
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Fiorous Dyt Lasia oF Bove

Thus condiion appears te be a developinental sheletal anomaly characterired by
areas of fibrous tissue m bone These areas may be single or muluple and when mul
uple may be unilateral or bilateral The lesion 1 usually first detected 1n adolescence
or carly adult life although the Albright syndrome (cutancous pigmentation scxual
precocity 1n the female and multiple bone areas of fibrous tissuc) 1s usnally discovered
m childhood

There are several fonns of fibrous dysplasia The first 18 the classical variety referred
to above Then there 1s the monostotic form which lacks cutancous or endocrine
abnormalities A variety of this monostotic forn 18 seen 1n long bones of an extremity
where 1t occupies a considerable area n the shaft and resembles a bone cyst which has
progressed away from the diaphyscal area Finally there 13 an cccentnially placed
lesion called nonosteogenic fibroma of bone by Jaffe which has a faidy dutncuve
roentgenographic appearance Some authors include this a3 a vanety of fibrous dys-
plasia while others do not

It 15 a chromc disease develops slowly and persiss throughout life Long bones are
principally affected although the skull scapula and pelvis may also be mvolved

Rocntgenographic featurcs are varable corucal erosion from within  thinming
expansion and a multiloculated or septate appearance are often noted. Hyperparathy
rowdism 13 the diagnous most often crroneows!y made In the monostotic form of fibrous
dysplasia, a guant cell tumor or central chondroma may be sunulated In the skull the
appearance may be suggestive of osteits deformans,

SoLiTary Bo\k Cyst

The roentgenographic features of this condition are so constant and characteristic
that a diagnosts from the X ray films 13 scldom dufficult. The age of the patient usually
ranges from 5 to 13 years The location 15 umformly 1n the metaphyis but 1t may
extend to imvolve a considerable poruon of the adjacent duaphyns The cortex 13
thinned and the Iesion may Quse a considerable expansion. There 15 npearly alwayy a
ahell of cortical bone left unbroken, Patholome infractions or even substanuial fracture
may occur even after trivial tauma 10 about half of the cases this 15 the first symptom
which ducloses the presence of the cyat. While st may sumulate guant cell tumor roent
genographiaally 1t occurs before the epiphyns 1 umted and on the diaphyseal side
while the apposite 13 true of guant cell tumor
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Guaxt Cerr Tusor

Despite the fact that the diagnosus of guant cell tumor seldom affords much difficulty
to the roentgenologust there are cases encountered with some frequency which resem
ble central chondroma chondroblastoma of bone bone cyst osteolytic central form of
osteogenic sarcoma and rarely solitary myeloma or metastatic cancer

The location 1s nearly always epiphyseal the proximal end of the tibia and the dustal
end of the femur and radius are favorite sites. While the cortex offers resistance to
encroachment by the tumor 1t 13 occasionally completely destroyed but the periosteum
forms a limiting membrane which is seldom transgressed The discase rarely cver
destroys the articular cartilage nstead 1t may extend to the metaphysis and even to the
adjacent duaphysis

ADAMANTINOMA

Thus condition occurs 1n the jaw bones the mandible 18 much more often involved
than the superior maxilla It 1s 2 lesion of extremely slow growth It presents 2 central
area of radiolucency nhich 1s sharply demarcated The edge of the lesion 13 not
uregular or eroded such as 15 seen 1n carcinoma 1nvading bone. There 18 no reactive
zone of mcreased density surrounding 1t The condition must be distingusshed from
dentigerous cyst, epulis and fibrous dysplasia.

ADAMANTINOMA 01 LonG Bones

Less than 20 cases have been reported of thus rare lesion with 2 single exception
(ulna) the tibia was the only long bone affected

In general the same roentgenographic appearance 1 produced 1n the long bones
as 1n the jaw  We Lnow of no wnstance where a correct diagnosis of this disease 1 a
long bone was made by means of X ray films.

CHORDO3MA

This tumor may occur at any portion of the body which 13 compauble with 1ts
dertvation from the primitive notochord The sacrum the spheno-ocoprtal regton
and rarely the cervical vertebra are the usual sites The process 1s osteolytic but
may be surrounded by a zone of irregular bone production (reacuve bone) Roent
genographic examinanon may not yicld a definste diagnosis because sumilar appear
ances may be produced by chondrosarcoma, gunt cell tumor and metastatc
aranom
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Fic 83 Aand B Osteoma Sharply cir
cumscribed bony projection which appears
composed of bone armanged m a normal
trabecular pattern The process s purely
productive and orderly m 1ts outhne It
resembles an early osteochondroma but
microscopic examination failed to disclose
ay arulaginous component. Ostcomas are
rather uncommon Some undoubtedly arise
o a hyaline artilage bays. They may be
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classificd according to their location as
eitlier central cortical endosteal or perio-
steal Their rate of growth s slow often
extremely s0 and they are painles im;—u:t
sically 1lthough they o2y cus dmailﬁc:]
frow pressure on overlying soft parts. g
bone osteomas are often spoken of as cxc:
toscs and may vary markedly 1 size n;
shape (nodular pedunculated  point
etc.)
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Fic 83 A and B Parosteal osteoma
Note the dense sclerosing bone with a broad
attachment to the femoral shaft. What ap-
pears to be wvolvement within the shaft
of the bone 1s overlying tumor this can be
demonytrated by stereoscopic views The
prognosis mn these cases following mcom
plete removal by excision resection ctc. 18
guarded. Continued recurrence 1 the soft
tisues and finally pulmonary metastasts fre

ey

quently mtervene Thus 1 the entlty which
Jaffe terma juxtacoruical asteogemic ar
corna. In the photograph of the groes specr
men the marked thickemng and cburna
ton of the underlying cortex are plainly
shown. The gap in the upper portion of the
tumor represents the area removed for his-
tologle examination after the specimen
reached the laboratory
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Fic 85,4 and B Osteord osteoma The
features of this leuion are readily apparent.
There 13 a wide zone of homogeneously
sclerouic bone which 15 often asymmetnt
ally placed and which fades out at s
periphery by insensible gradations to por
mal appeanng bone This zone involves
chiefly the cortex and surrounds a sharply
defined radiolucent area of lessened bone
density the nidus This Iesion 13 often seen
mn childrent less frequently 1n young adults,
and infrequently in the middle aged adult.
1t affects males 1n the proportion of ¢ to 1
and the ages from 11 to 26 account for three
quarters of all asex. It affects the femur
and tibua 1 about half of the reported cases
although any bone may be imolied cascs
have been described 10 the phalanges of the
hand and in vertebral bodies.
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Fic 86 Osteord ostcoma. A scleroung
process cccentrically placed in the humerus
The nidus is eanly discerruble in the center
of the lesion. In the absence of a history of
pyogeruc aster- 3 the diagnosis should
not be diffic } |
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Fro 87 Another clasncal example of
osteotd osteoma In this case, however the
nidus was not readily seen en Glms made
with routine exposure it required several
films of varying degrees of penetrauzon to
demonstrate 1t. When routine films disclose
only the zone of eccentric increased dennty
recuamination  with films expased for
greater bone detail 13 indicated.
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Fic 88. Osteord osteoma Thu oval dr
cumscnibed lesion i the nb presents a
much larger radrolucent proporuon of the
total molved area than iy ordinanly seen.

e

There 15 homerer a penpheral zone
dense sclerouc bone most readily dem
strated 1n the supenior margin A tib
most unisual site for this duease
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Fic. 8 A and B Nonastcogenic
fibroma of bone A sharply circumscribed
oxteolytic lesion in the diaphysis of the dutal
ubia in a young girl The presence of a nar
Tow zome of mcreased density about the
periphery of the lenion strongly suggests the
diagnons Other bone conditions which on

X ray eamlnation may resemble thu are
fibrous dysplasla, central chondroma, or
low-grade fibromrcoma. The discovery of its
presence may be entirely accidental in the
course of on \ ray taken for some other
reason Symptoms are mild or completely
absent.
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Y

Fic go Nonosteogemic fibroma. Note
the sharply arcumscribed, 1rregularly oval
area of lessened bone density about which
is evenly disposed a peripheral zone of
creased density

This patient was not operated upon and
the case lacks miqoscopic confirmation
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Fic g1 Nonosteogenic fibroma of bone
The contour of the femur is not altered the
lesion 13 sharply cireumsenbed  irregular
1 shape, and purely osteolytic except for a
narrow peripheral zone of increased density
No microscopic confirmation

Fic 9r Osteochondroma of terminal
phalanx of toe The trabecular pattern 1s
relatively normal This is not the type of
lesion 1n wiich mahignant degeneration 1
prone to occur Delormuty and discomfort
due to presure of the shoe may make re
moval justifiable.

These tumors are probably of congeniml
origin 1n most insmnces. They may exust for
many years with little change and slight or
no inconvetience. When they exhibit a
change 1n growth mate or give rise to pan
the possbility of chondrosarcomatous alter
ation should be seriously considered
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Fio 98 A and B Osteochondroma of the dustal end of the fibulz due to pre:;lr;
distal end of tibia. Note 13 juxta-cpiphyscal A somewhat gmular tomor 1 dep;i .
location and the fact that it is sharply ar Fig g4 The epiphyseal 1ine of both d:::-d_
cumscribed but has produced deformity of intect and the ankle mortlce i3 not wi
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Fic 91 Osteochondroma of distal end
of tsbia. The process 13 coarsely trabeculated
and sharply arcumsenibed and imvolies
oaly a small portion of the breadth of the
bone. Due 10 pressure the adjacent area of

the fibula shows striking deformuty and
cburmation These changes indicate a slowly
growing tumor which has caused bending
but not destruction of the fibula.
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¥ic 95 4 B and C Osteochondroma.
The proxunal end of the humerus 15 2
favonte smte for a mngle cateochondroma.
‘The degree of mvolvement of the humeral
shaft 1 extreme While bemign in chuld
hood and often unul middle adult life or
later the ultimace prospect of a secondary
chondrosarcomatous change is not remote
Note the purcly metaphyseal and diaphyseal

location of the process the humeral head
and cpipliyscal line are intact. There u only
a narrow zone of cortex on the lateral aspect
which remains intzct Resection of the
tumor therefore entmls rk of pathologic
fracture and 1n any event bone transplanta
ton 15 essential after resectlon to achieve
a satsfactory end result. Such 2 procedure
was atufactonly arried out in this case.
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Fic o6 Heredutary deforming chondro-
dysplasia diaphyseal aclasis The process 1s
deformung rather than destructive appears
m the juxea-cpiphyseal portion of long
bones and 15 muluple (as 1n this case)
Slelewl suncy of long bones 15 indicated.
Because of the fact that secondary chondro-

tarcoma may develop 1in one of these areas,
patiens with this aflicion should be
obsenved at regular intervals and should be
warned to report any gross alteration or
change mn their symptoms, Usually the proc
ess 13 relatnvely statronary Thus patient was
a young girl.
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Fic g7 Muluple cartilaginous exos
toses Same case as Fig 96 The metaphysls
of almost cvery long bone was affected in
this case. Note the wregular projections
with sharp outline and apparently narmal
bone texture The cartilagmous cap which

overlies mout of these projections 13 unnlly
assocated with a bura The condition 1
dustinctly heredtary 1t has appeared how
erer 1n many instances in individuals where
the faruly hutory as far as conld be traced,
was entirely negative.
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Fic. 98  Same case as Figr 96 and 97
Bully osteochondroma of proamal end of
Gibula extending well nto the solt ussues.
The tumor 15 stippled with flecks of calafic
matenal but has a rather sharply demar
cited border This type of tumor often
Quses symptoms due to pressure on nerves
or Llood vesscls, This was the presenung

lesion on admusion and without skeletal
suney could be conudered as a soliary
osteochondroma. A lesion as bulky as this
should be resected and this one, as opposed
to the others present in this patient, seems
the most likely one to undergo mahgnant
transformation at some future date
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Fic 99. Central chondroma The most
common central lytic leston of a phalanx
13 enchondroma. The cortex 15 thinned
and expanded. Frequently mmor cortscal
infractions are scen as the rosult of trivial
trauma  The tumor may present areas
of alufic stippling which are charac
tersuc of cartilage tumors though in ths
mstance they are not prominent. Unlike
central chondromas in other long bhones,
those in the phalanges practically always
remain benign we have never abserved one
in which there was a transition to chondro-
nrcoma  Curettage and replacement with
bone chips 1s a successful method of treat
ment.

Fic 100 Central chondroma (enchon
droma} of humerus a fasrly typical example
of the roentgenographic appearance of this
condition There 13 well localized bone de
strucaon but in additlon there 13 2 alafic
mottling present both above and below the
prinapal arez of bonc destrucnion which
represents alcified cartilage This patlent
was an adolescent female. Three unsucees-
ful attempts at core by curetage were
finally followed by wide segmenial resec
tion with manive graft and an excellent
result was obtained which has been maln
tained for twenty years.
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Fic 101 Central chondroma (enchon

droma). This lesion resembles a glant cell
tmmor or an osuteolyuc form of osteogenic
Hreoma. It s, however himuted to the juxta
P1physeal portion of the humerus and the
marging are sharply outhined with shight
E‘P‘*’:ﬂl reactive bone There appears to

2 break 1n the cortex on the medual

121

aspect of the neck No soft tigsue extension
is seen The tell-ale feature of calafic de
posits which appear as mottled areas of
irregular increased  densities is notably
alsent in this case which males a roentgeno-
graphuc diagnosis of central chondroma dif
ficult.
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Fic 102 A end B Bemgn chondro-
blastoma (Codman s eprphyseal chondroma
tous gant cell tumor) This tumor which
13 not a guant cell turmor but a neoplasm of
carulaginous dertvation 1s usually found in
the head of the humerus but may also occur
m the distal femur or proximal ubia The
degree of expansion of the cortex 18 less pro-
nounced than s sometuncs scent mn benign
guant cell tumor However the cortex 13
thinned and muluple ovoid or sphencal
areas of bone destruction are scen. Areas of

calafic suppling not cvident in this film
are strongly corroborauve of the dagnoss.
Curettage and bome chip implantanon
yielded a succensful result mn terms of 2
seven year follow-up

The microphotograph reveals an r
regular cytology which 1n the past has been
confused with osteogenic mrcoma There is
formatlon of asteord and cartilaginons uswe
with scattered epulis type grant cells. This
13 not a metastasizing tumor
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Fic 10s. Ayxoma of bone This s an
exceedingly rare primary bone tumor Iis
appearance and location suggest an early
mant cell tumor It 1s purely osteolytic and
there is no marginal reactine bone forma
uon Biopsy 15 required to establish a pre

cise diagnosss in a lesion of this sort. We
suspect that the lesion actually commenced
as a chondroma and underwent complete
myxomatous degeneration Curettage was
succenful and a fifteen year follow up shows
no ovidence of disease
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Fic 104 Hemangioma of lumbar ver
tebra Note the chamactentic preservauon
of the bane traberulae in a vertical fashion
with interposing arcas of osteolysis which 1s
charactertstic of angioma of the vertebra.
No microscopic confirmauon Despite the
degree of involvement, there 13 no apparent
collapse.

The pauent was 2 middle aged woman
Roentgen therapy was employed and there
was a twehve year follow up with relef of
symptomy, Hemangiomz of a venebnl

body 15 said by some obsenvets to accur in
10 per cent of Indhuduals autopned It 1
also said to have a higher inddence with
advanang years (4 5 per cent under go yean
as compared with g6 per cent over po yean)
These figures may be musleading and it w
certainly seldom picked up by Xy
ammanoa dunng life While no collapse of
the body has ocourred 1n this vertebra, such
may take place and cord symptoms may
then develop
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Fic 10, Hemangioma of skull
Although perhaps difficult to describe, the
appearance of this tumor 1s quite charac
teristic. Tangential views should always be
obtained and may gne additional informa
uon In lesions of this sort one must also
consider the powibility of a meningloma.
The pathologist reported “cvernous he
mangioma ”

Hemangioma of the skull may remun

apparently stationary for long perlods and
be symptomless except for the presence of
a shight comety of the outer table The
frontal and parictal bones are favored sites.
The roentgenographic features are rather
consistent and charactenstic. There 13 a
finely mottled osteoporosis resembling foam
rubber with spicules of bone radiating from
the surface of the growth produang a
striated appearance
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Fic 106 A and B Hemangioma of
bone This disunaily arcumscnbed tumor
arinng from a metatarmal has groun ;er
the neighboning uninyolved bones covening
them as with a cloak. Where the lesioa is
best seen in profile 1ts structnre 15 a sponge
like or honey-comb arrangement. Symptoms
are usually of long standing and consist of
swelling and a dull achmg pain 1 the -
solied region In thi ase local resection
was not successful and a subsequent Syme
amputanon was performed with good
Tesult,




BENICN TUMORS OF BONE

Fic 107 A and B Hemangioma of the
clavicle Note the rrregular destruction and
production of bone gotng on coinadentally
This tumor 15 rarely encountered 1n long
bones. The roenigenographic festures are
variable, Compare with Fig 106 The
pathologist reported capillary and tace
mose hermangioma

The photograph of the gross speamen
thowy bully soft part extension of the
tumor winch is not apparent 1n the roent
genogram-
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Fic 108  Fibrous dysplasia polyostotic
form There 15 expansion of the mid shaft
of the humerus 1n 2 sharply arcumscribed
area which 15 oval 1n shape, The distal por
tion of the lesion 13 radiolucent while the
prodmal portion it homogencously scle
rotic. Other lesions were present in the
radius and one rib

This dlsease 15 most often 1dentified
the third decade and affects women more
frequently than men int the proportion of
3 to 1 It is a chronic disease, dereloping
slowly but persstently through life. Loag
bones are consplcuowsly affected although
pelvic bones, skull, and scapula may be in
volved. Conditions which resemble fibrous
dysplasia are hyperparathyroidism  bone
cyst, nonosteogenic fibroma and enchon
droma Of these the most {requent error
has been to regard the lemons of fibrous
dysplasfa as manlifestations of hyperpara-
thyroldism.
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Fic 100 Polyostotic fibrous dysplasia
Note the marled alteration 1n the pormal
architecture of the femur and pelvic bones
with extreme thinning of the cortex and

coarse trabeculation with radiolucent
spaces. ‘The spongiosa is thus largely de
stroyed. Pigmentation of the skin was also
present. The patient was a zo-year-old man.
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Fic 108  Fibrous dysplasia pohostotic
form There 1 expansion of the nud shaft
of the humerus 1n a sharply circumscribed
arez which 1s oval in shape The distal por
tion of the lesion s radiolucent while the
proximal portion f{s homogeneousty sde
rotic. Other lestons were present In the
radius and one rib

This discasc 13 most often Idenufied In
the third decade and affects women more
frequently than men in the proportion of
g to 1 It is a chronic discase developing
slowly but persutently through life Long
bones are conspicuously afferted although
pelvic bones skull and scapula may be n
volved Conditions which resemble fibrous
dyaplasia are hyperparathyroidism  bane
cyat, nonasteogenic fibromz and enchon
droma Of these tlic most frequent error
has bLeen to regard the lessons of fibrous
dpiplasia as manlfestations of hyperpan
thyroidism
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Fic. 109. Polyostotic fibrous dysplana
N\oute the marked alteration 1n the normat
archutecture of the femur and pelvic bones
with extreme thinnlng of the cortex and

coarse trabeculation with radiolucent
spaces. The spongiosa s thus largely de
stroyed Pigmeneatlon of the skin was alio
present. The patient was a ro-year-old man.

-
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Fic 110 Polyostotic fibrous dysplana
(same cnse ar Fig rog) Many bones were
affected n addituan to the calianum. The
mottled effect is produced by the osteo-
blasuc and osteolync properties of this
leston The combined effect is toully ir
regular and gnes nise to pronounced de
formity of the head. The only other condr-
ton which may produce such extensive
changes of 2 mixed productive and destroc
tine nature 15 osteitis deformans. The de
tuls of the roentgenographic appearance
should make a distinction relatively smple.
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Fre. 111 Solitary (unicameral) bone
cyst This lenon 13 typical as 1t occupies the
metaphyss and part of the diaphyns is
purely osteolyuc, shows conuderable ex
panuion with thinnng of the cortex and a
1light tendency to bony trabeculation.

Solitary bone cyst has its onset fn chuld
hood or adolescence prior to the clasure of
the epiphyns. Thus is the feature which dis
unguishes 1t from gant cell tumor to which
m ather respects it supcrfically beans a
close roentgenographic resemblance ‘The
proximal end of the humerus is the favored
site (22 ont of g cases personally observed)
the provimal end of the femur 13 the next
most commen location It 15 an entirely
benign dusease and should always be treated
by consenatne surgery
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Fio 110  Polyostotic fibrous dysplana
(same case as Fig rog) Many bones were
affected in addiuon to the alvanum. The
mottled effect 13 produced by the osteo-
blasic and osteolyuc properhies of this
lesion. The combined cffect 15 totally ir
regular and giies rise to pronounced de
formuty of the head. The only other condi
tion which may produce such extensive
changes of a mixed productive and destruc
tive narure is asteiis deformans. The de
tals of the roentgenographic appearance
1hould make a dustinction relatively simple.
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Fic. 111 Solitary (unicameral) bone
cyst This lesion 1 typical as 1t occupies the
metaphysis and part of the duplipiy, is
purcly osteolytic, shows considerable ex
pansion with thinning of the cortex and a
slight tendency to bony trabeculation

Soliary bone cyst has its onset in child
hood or adolescenee prior to the closure of
the epiphiysin. Thus is the feature whiech dis-
unguishes 1t from gant cell tumor to which
mn other respects 1t superficlally bears a
close roentgenographic resemblance The
proximal end of the humerus is the favored
ate (22 out of 52 ases personally observed)
the provimal end of the femur is the next
most common location It s an entirely
benign discase and should always be treated
by conservative surgery
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Fic 11t Solitery (unicamersl) bonc
cyst Relatively symptomless lesion in a
child The sharply delimited purely oste-
olyuc area m the metaphys is charac
terisuc. This must be dufferentiated from

central chondroma or fibrous dysplasia
Sometimes a bone cyst with slight cornaal
infraction with reparr at the nitc of such
infracion may superfically resemble a
medullary ibrosarcoma.
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Fic. 113  Solitary (umcamersl) bone
€yt The location 1n the distal uina and the
sue are unusual There was a period some
years ago when such a process might have
been termed guant eell vanant of bone cyst
However the age of patient and the meta

physeal loaation without involvement of
the epiphyns are features which should
make the diagnosis of bone cyst relatively
easy even though the pathologlst may find
grant cells 1o tissue removed at operation
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Fic. 114 Solitary (unicemeral) bone seldom affected. The nmilarity 1 roent
cyst Septate osteolyuc lesion confined to genographic appeamnce to grant cell tumor
the metaphysis 10 a subject whose epiphyses 18 marked.
have not yet closed. The distal humerns is
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Fic 115, Bewmign grant cell tumor Note
the location 1n the epiphyas, the fact that
the tumor s ongin 1s in the lateral tuber
onty and that 1t encroachies on but does not
miolve the articular carulage There 13 2
tendery to bony trabeculanion and the
process ls enarely ostcolyne, but without
expansion of the thinned cortex Thie roent
genographic features of this disease are so
dearcut and well defined that a diagnosis
@n be made relatively casily on the bans of

films alone The location 1n the epiphyseal
regron 1ty circumscribed osteolytic charac
ter its tendency to expansion with thinning
of the cortex are characterustic Even when
no vestige of the cortex 1s vimble the soft
part shadow 1s closely confined by the over
Iying periosteum. Trabeculation (soap-bub-
ble ike septn) 13 often mentioned as a
characteristic but is rather nfrequently
scen.
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Fic. 117 Bemgn grant cell tumor i a
men aged 41 In this age group these
tumors are apt to be more aggressne than
m the younger age group. The lesion has
begun in one condgle and has slonly ex
tended beyond the midpornt of the lower
end of the femur The process Is purely

osteolytrc but lacks the trabeculated appear
ance often regarded as typical of this lesion
Actually the roentgenographic appearance
of this particular tumor can be closely
appronimated by osteolytic osteogenic sar
€OTa OF €VeN MEtAELKC cancer
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Fic 118 Grant cell tumor of os caleis
Osteolytic area 1n 0s calcls with Iittle altera
t1on 1n the shape of the bone but wath dif
fuse lytic changes that have altered the
normal trabecular pattern Microscopic con
firmation would be required The taral
bones are seldom the site of this tamor

When guant cell tumor affects fAat bones
or other than the major long bones, 1its
diagnosis on roentgenographic appearances
is less accurate.
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Fic 1n19. Guant cell tumor of fourth
metacarpal an unusual location for this
disease Most of the shaft and distal end of
the bone is affected. There is expansion of
the markedly thinned cortex. This appears
unbroken A more common destructive
lesion in this locatdon from which guant cell

tumor must be dustingunhed 13 ceneral
chondroma However the marked thinning
and expansion of the cottex seen an this
ase is not typical of central chondroma
Bone cyst and fibrous dysplasia are most
unusual in this location,
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Fic 120 Subperiasieal grant cell tmor
of bone wn the shaft of the femur Such a
location 15 exceedingly rare. Note the eccen
tric position of the lesion the comparative
lack of cortical wmvolvement, 1ts sharp de
Iiniation and the reactive trangles of
bone at either margin  Trabeculations are
not present the lemon 1s osteolytie. The
pathologisxt reported “benign aneurysmal
grant cell tumor ™
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Fic.1n

Grant cell tumor of an unusual
type Note that the lesion 13 situated Tower
n the bia than the average giant cell
tumor that it 15 further from the epiphysu,
and that it 1s eccentric and resembles Fig

120 which presents a somewhat nimilar
appearance 1n the shaft of the femur The

pathologust reported  fibrosing  omfying
grant cell tumor ™

11
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Fia. 122 Grant cell tumor Typical fea septate pattern. The pathologis reported
tures 1nclude an osteolytsic lemon with fibrmsing sclerosing omifying grant cell
marked expansion of the aucellous bone of tumar ”
the distal fibula There u a pronocunced
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Fic 128 A B C and D Extennve
ademantinome of mandible The margin of
the tumor posteriorly 1s sharply demarcated
from adjacent uminvolved bone. The
affectied portion extends to imvolve both
nght and left ami and symphyis. The
tumor presents residual bone disposed
flame like strands arranged 1n a totally
uregular fashion. Adamantinoma lacks any

osteoblastic properiies. Roentgenographic
features are a mono- or polycystic medul
lary process with sharply demarcated zonex
of radiolucency There is hitle or no reac
tive marginal bone and the irregular eroded
edge scen in carclnoma invanon of bone 13
lacking The condittons most often mis-
alen for adamantinoma are epulis, den
tigerous cyst and fibrous dysplasia.



144

TUMORS OF BONE 1 ROENTGENOGRAPHIC ATLAS

Fic 124 Adamantinoma of tila A
cunouws rocntgenographic appearance char
actetized by marled but somewhat circum-
scribed bone destruction and dense scleros
ng reactive bone The presence of a bizarre
lesion n the tibia should make one some
what suspicious of thy very rare lang bone
manifestation of a dusease unally confined
to the jaws. Excluding adamantnoma of th
jaw bones all other reported cmses of
zdamanunoma have been located in the
tibla with one exception 2 case which arose
1n the ulna

In ublal lesions a correct roentgeno-
graphic duagnosls of adamantinoma would
be an achierement Treatment by conserva-
nve surgery us difficult since the entlre
tumor bearing area must be excised, or elie
recurrence will result. As in mandibular
adamantinoma, the disease progresses with
extraordinary slowness (up to twenty or
more years) The reason for the loation of
tus tumor almest exclusively 1n the nibia
(excepting of course the Jaw bones) s sull
unexplamed
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Fic 125 Sacral chordoma Note that
the normal configuration of the sacrum has
been markedly distorted Iy the process
which has produced irregular bone destruc
uon and which presents a somewhat locu
lated appearance The sacrum has been
espanded and yet the process has many
\ ray features of a benign tumor since the
destruction 15 not like that 1n osteolytic
wmors of a mahgnant form such as

chondrosarcoma or reticulum cell sarcoma
Chordoma may occur at any age from in
fancy to nearly 8o The disease 1s most often
found 1n patienis over 50 Males are afflicted
mare than twice as often as females. The
sacrococcygeal region accounts for about
three fifths of all cases the cranial and cer
vial exes constitute the bull of the re
mainder with only occasional mare e
amples 1n the thoracic or lumbar spine
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Fic. 126 Sacral chordoma There 13 loss
of narmal outhne of the dutal acral sg
ments duc to a purcly destructrve lesion
Here, the features of chordoma are not
sufficiently dustinctive to perrut a ready
differentiation from metastatic cancer or
medullary chondremrcoma.  Microscopic
confirmation 1 esscntial,

The lemion 13 considered benign and
metastans to lungs 15 rare but does occur
Desplte 1ts benign chamacter 1t grows

I

relentlenly though dowly and gives nse to
great pain n its later stages. When the
tumor 1nvolves only the lower smcral scg
ments, it is possible to resect 1t completely
with an excellent prospeet of cure When
the upper segments are invaded, radical
surgery 1 not feasible and incomplete
removal does not accompluh much Un
fortunately these tumors are radsoreslstant.
In sclected cases cordotomy is to be recom
mended for relicf of pain
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Fic 127 Eprdermord cyst The leson
seen 1n the terminal phalanx is expansile
has thinned the cortex and caused 1t to
bulge. It had been conmdered an enchon-
droma prior to operanon the conditlon
with winch 1t 15 most often confused How
ever the pathologist reported 2 Itning mem
brane of straufied epidermal eplitheliym
surrounding a cascous material which repre
sented exfoliated cells and debrs.

Thus is a rather rare condition and all
teported cases have been located in the
termunal plialanx. They always follow an
injury e¢ither of 2 cruslung or penetrating
nature The evolution is slow In this case
the roentgenogram was made two years
after the accident.

Fic 128

Grant cell tumor of tendon
sheatle Lytic areas la the dustal end of the
middle phalanx caused by extension of a
xanthoma of tendon sheath ongin (guant
cell tumor of tendon sheath) At operation

the bulky soft part tumor was found to have
eroded the bone by pressure and 1ts removal
left 2 smooth b lobed concavaty
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Fi6 129, Schwannoma irmvolving bone
Sharply crcumscribed welldefined lyuc
area at the proximal end of the proximal
phalanx of the mdex finger There are no
trabeculations which might suggest a guant
cell tumor and there 1 no alafic suppling

which would favor an enchondroma. The
lack of expansion makes glant cell umor
less likely The roentgenographic features
suggest a bemgn leston which was borne out
by the microscopic report of schwannoma.
This tumeor rarely nvolves bone.
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Non-neoplastic Conditrons of Bone
Svmulating Bone Tumors

HENM filins reveal a lesion of bone the fitst step 13 to decide whether 1t 15 a
tumor or one of the many nontumorous conditions which may at tunes closcly
resemble true ncoplasms as shown 1n Table 2

TABLE 2 \on necoplastic Conditions of Bone Sometimes Confused With Tumors of Bone

\on-neoplastic conditions Bone tumon

INFECTIONS
Pyogenic Ewing s sarcoms (endothelioma)
Typhoid Myeloma
\Myeloma (spinc)
Tuberculosis {Chondmnn:um;
Syphulis Osteogenx sarcoma
Yo Osteogenic sarcoma
Endotheliomma, in children
Chronic wlerosing osteitis Sderonng osteogenic sarcoma
\Mycotx infections

May simulate many malignant bane tumors
Paragmic pirasss

Ostealytic esteogenic sarcoma
Hydaud discase [Umntydirmucuun o

Metastatuc aaranoma
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TABLE ¢ Non 1, Conds of Bone (C 1)

¥

Yon neoplestic conditions Bone tumors

GRANULOMATOUS DISFASES O UNCERTAIN E1IOLOGY
Letterer Siwe disease Metastatic neuroblastorna
Hand-Schitller-Chrstian discase Metastatic neuroblastoma
Ewing s srcoma
Metastatic carcinoma
Osteolytic osteogenic sarcoms
Myelomm (in later life)

Eounophilic granuloma

Lirp STORAGE nisxases

Gaucher s disease }

Niemann Pick disezse Metastatic ardnoma

‘Mcdulhry fibrosarcoma
Metastatic adreml weuroblastoma

ENDOCRINE DISEASES
Hyperparathyroidism Metastatre carcinomatons

DISEASES DUE TO CIRCULATORY DISTURBANCES TN BONE
Ascptic necrosis Benign chondroblastoma
Caldinosls (tumoral form of Inclan) {ac;?yilﬁg m gl fc wr
DiIsEASFS DUE TO TRAUMA
Onifying hamatoma (in early stages)
Faugue fracture active reparative stage Osteogenic mreoma
Perloster] tears xcuve repanative stage

DISEASES OF UNCERTALY ETIOLOGY

Onteitss deformans (Paget s discase) Prostatic carcinoma metasiascs
Leontiasiy cssea Low-grade ostcogenic sarcoma of facual bone

Parosteal osteoma
Melorheostosts Osteogenic aarcome low grade
1) teogenic survoma
Phantom bone (spontancous absorption of bone) {?;:m )!élccf;rcnou::
Infantile cortical hyperostosly Ostcogenic sarcoma
Agnogenic myeloid metaplasia Metastatic aancer

Since these ducases roengenographically may sumulate tumors of bone the sur
geon or radiotheraput may have occasion not only to duagnose but also at numes t¢
treat them. Furthermore some of them bave been found to be complicated by super
unpased malignant tursor mvalvement. Thu s parvcularly true of osteits de
formans (Paget s discasc) but 1 rarely the case mn connection with ostcopetrosis
aseptic necross or myomtrs cssificans

The mportance of this group of muscellancous skeletal dueases from the stand
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pomt of differential dagnosis varics greatly with the mdiadunl conditions Some are
rarely seen 1 the United States but are common i other countnies {(hydand disease
yaws) others are so rare m any loaahity that thewr mcluston might scem of questlon
able propnety {ostcopetross spontancous absarption of bone) On the other hand
osteomyehitis granulomatous conditions (commophshic granuloma Hand Schiiller
Chrstian s syndrome) myontis osnificans and others are cncountered comparatively
often Yet filins of all of the diseases mentioned have been mustaken for some type of
bone tumor and for that reason have scemed to ment inclusion 1n thus treatise

PYOGENIC INFECTIONS

HEMATOGENOUS OSTEOMYELITIS

The sudden omet profound constituuonal reaction sevenity of symptoms and
signs which are associated with acute fulminatng cases of osteomyelitis, make 1ts
confusion with neoplastic disease most unhkely

Cases of milder nfection vath msidious ontet may on the other hand present
symptoms and signs that are local and when seen at a ume when the earliest recog
nminble roentgenographic signs are evident may lead to an mcorrect diagnons

Hematogenous osteomyelitis and bone sarcoma have the following features in com
mon both occur 1n childhood and adolescence both present the same triad of pain
swelling and duabiluy both may be assoctated with a hutory of local antecedent
trauma and the sites commonly affected are the same. Fever and leucocytons are con
stant findings m osteomyehtn, and while seldom seen 1n osteogenic or chondrosar
coma, are often present 1n Ewing s sarcoma Indeed the duistinction between the lat
tet tumor and osteomyeliis may at tumes be almost 1mpossible on the baws of X ray
examination and climicl findings.

When seen 1n the later stages of the infecion osteomyeliis wall present X ray
changes which are less and est suggestine of Ewing s sarcoma. Since the madence of
osteomyelius decremes rapidly after the age of 16 1t 13 2 problem of differential diuag
nosu chefly in childhood,

CxNTRAL BoNE AbscEss (BRODIE 8 ABscEss)

Thus form of bone Tesponse to infection 18 usually lumited to a single bone most
often the tihia, although other major long bones may be affected. It 1 usually ob-
senved n chaldren adolescents or young adults, The site of the abscess 1 the medul
lary portion of the metaphysu. The epiphysis protected by the epiphyseal cartilage,
1 seldom imvolved The pus i contained 1n the mcdulla:y cavity and does not form a
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subperiosteal abscess Dense sclerotic bone often surrounds the abscess and may be a
very promment roentgenographic feature at umes the appearance 1 quite similar
to that seen 1n osteoid osteoma. In other cases the area of radiolucency 1s much larger
and the peripheral zone of increased density may be much narrower giving 1t the
appearance of 2 nonosteogenic fibroma.

TYPHOID INFECTION

‘Tyrnoi INFECTION 1IN Bone

In the United States at least the reduction 1o the medence of typhoid fever has
now reached a point where 1t 15 actually a rare dusease And since bone infection due
to the Salmonella typhosa orgamsm was always an infrequent complication, even
when the disease tself was common 1t 15 obvious that bone lesions of typhoid orgm
are now exccedingly rare. We can recall only one case. There was a small area of
rarefaction 10 the proximal end of the femur which did not present any striking
featurey on the rocntgenogram. It had been biopsied and the pathologut was puzzled
by 1ts microscopic appearance which at first suggested some atypical form of myeloma.

Thus 15 mentioned here for the sake of completeness and to ustrate the need for
taking a carcful history in every case that presents a lesion in bone.

TUBERCUI OUS INFECTION

TupErRcULOSS OF BONE

Tubercular miolvement of bone 15 another disease which 1o the United States at
least, seems to be steadily on the decline In countries where 1t 15 sull common 1t 13
a condion which may gne rue to difficulties m roentgenographic mterpretatioa.
Grrdlestone says that secondary crcinoma or bone sarcoma can almost always be
disunguished from tuberculoss by radrography When as occastomally happens
tuberculons affects an area 1 the shaft of a long bone at some distance from the
jomnt 1t may present features which are so stmilar to osteogemic sarcoma, Ewings
sarcoma or reticulum cell sarcoma as to require the assstance of pathologic exam
mauon of bropsy material to establush the duagnoss. Jownt involvement not uncom-
mon 1n tuberculons rarely occurs in malignant bone tumors
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SYPPHITLTIC INFFCTION

Syrnumic Gstnims

L uctic osteitis a tertrary mantfestavion of the disease appears to be decreasing 1n
frequency 1 urban neas of the United States 111s sl o condition to be considered
in connection with a suspecied bone neoplasm for 1t can numic a variety of other
bone discases incluching tunors

Imolsement nay be confined to a small atea 1 single bone be widespread
throughout an entire bone or appear as scaticred arcas 1n scveral bones. Congemntal
syphily shows a predilection for the nasal bones pholanges and radis Serologic
tests are desirable m every case of suspected bone tumor but a positive reaction of
course does not exclude the presence of an nadental bone tumor In addition to
other inflammatory discases osteits fibrosa cysuca gmant cell tumor and primary and
metarauc mahighant tumors may  present rocntgenographic appearances which
syphils can simulate

Perhaps one of the most difficult probleins can be posed by the so-called Charcot
Jont which 13, on \ ray examination compatible with a destructive malignant tumor
either metastatic or primary i bone or involving bone by extension (synoviorna)

In tropical countries yaws 1s a closely allied infectious discase caused by Trepo-
nema perleniie Serologiaally and morphologmically ndistinguishable from syphihs at
1 not capable of producing congenital ducase but children may contract 1t eary in
life. Duning 1ts tertiary stage bone lesions are common Helfet 1n describing the acute
manifestations of bone and joint yaws considers 1t the most ubiquitous tropical dis
e of these structures The ubia clavicde (inner end) and humerus (lower third)
are favorite sies. Serology 13 always posiuve Bone lesions invanably fail to ulcerate
through the skin. The rocntgenographic appearance closely resembles that of syphilis
ncluding widening of the shaft areas of dense sclerosis, and others with areas of
punched-out radiolucency In the acute form there 15 evidence of subpenosteal
necrosss elevation of the penosteum with expansion and new periosteal bone forma
tion which may be laid down in the lamellated fashion often seen 1n Ew NG 8 sarcoma
(onion layer appearance) Occanonally the newly deposited bone may be suggestive
of osteogenic sarcoma.

Unureated 1nactive yaws of long standing may resemble a sclerosing osteogenic sar
2 or 2 chronic sclerosing osteits of Garré But n chuldren 1n tropical countries

there may be difficulty 1in distinguishing yaws from esteogenic sarcoma or Ewings
sarcoma
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MISCELLANEOUS INFECTIONS

CHroNIC SCLEROSING OSTEITIS

Alesion which may infrequently require differentiation from sclerosing osteog
sarcoma 13 chronic nonsuppurative sclerosing osteitis first described by Carré
1898 Prior to Jaffes first descripuon of the condiion which he termed oste
osteoma the medical literature contaned a number of case reports of Garrés
case which most observers now believe were mainly actiml examples of oste
osteoma. Brailsford the distinguished Briush roentgenologust, still mamntamns t
the entity now accepted as osteord osteoma 1s actually a chronic lowgrade mflam:
tory lesion or perhaps a subcortical bone infecuon There are several features
the condition which are mndeed difficult to reconcile with a neoplastic ongin.

The rocntgenologist who 1 called upon to render an opinton will be on 4
ground if he makes a diagnosts of osteord osteoma 1o preference to that of chro
sclerosing osteitis

Mycomic InFremions oF Bone

Of the rare bone fections of the mycotic or granulomatous type the follow
should be mentioned actinomycosis blastomycosis coccadtomycosis, sporotricho
maduromycosis and torulons. Our expenence with the roentgenographic nterprt
tion of bone changes seen 1n this group 1s exceedingly Iimted All of these infecty
produce wregular osteolytic areas in the bone which are often muluple thougt
sufficient reacuon 1n the adjacent bone may be mnduced to bring about sclero
Alteration 1n the contour of the affected bone 13 not a promment feature. T
presence of the underlying disease 1f known, 13 of course most helpful and 1f 1t 151
suspected, a roentgenographic diagnosis may be most difficult. Biopsy discloses an
flammatory type of tusue while bacteriological study usually leads to a corn
duagnoss

Roentgenologsts should report more mndividual cases with reproduction of fib
so that the profession may become better acquainted with the features seen on t
Toentgenogram

Sarcoiposts (Boeck s SArcom) of BovE

The fact that bone lesions of sarcordosss are usually small muluple and most ol
scen 1 the small bones of the fingers and toes 1s helpful 1n establishing the X1
diagnosis of this dnease
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Sarcordosis 13 comparatively uncommon nd ns cuology 1 still umettled by tome
1t 1 thouglt to be due to a nonvirulent tubercle bacillus by others to be an infectious
granuloma awed by a vrus Negroas seem to be espeanally suscepuble  although
the disease 15 certanly not coufined to that race Besmer found bone lesions prescnt 1n
ninc out of 35 cases

The medullary portion of the bone 15 mvolved and cystlike radiolucent areas are
typical sometunes these are surrounded by a 7one of increased density

PARASITIC DISEASES

Hypatm Disease

Echinococcus tnfeatation 1 not endemic i the United States and most of the
patients seen here acquired their infection elsewhere. Only about a dozen cases with
bone imolvement have appeared in the Amenican medical literature. There are
howeter other countrnies where the dusease 18 not uncommon and bone manifesta
tions require recognition by the roentgenologist. Australia  Argentina  parts of
China and the Mediterrancan countries and the Middle East are among the more
promnent foct of this disease

We have encountered two cases with bone involvement and 1n both the condition
was considered to be a neoplasm of bone unul microscopic examination duclosed the
typical hooklets scolices and chiunows membrane

The 1hum and vertebrae account for more than half of the cases the humerus
ubia and femur are also common sites whereas any other location 1s rare. Bone 1n
volvement 13 always of long durauon as the parasite exhibits great latency m skeletal
tssue

The roentgenographic appearance n buizarre and mav resemble astcomyelins,
metastatic cancer osteogenic sarcoma, chondrosarcoma, or myeloma.

GRANULOMATOUS DISEASES OF BONE OF UNCER [AIN ETIOLOGY

L ETTERER St E DisEase

Thus condivon called alevkemic retrculoss by Letierer diffuse reticuloendothel
osts by Sine and nonliprd hustiocytoss by Foot and Olcott 15 a raprdly fatal infantile

discase Bone lesions are not prominent and the Toentgenologust u seldom called
upon to render the diagnoss
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HAND-SCHULLER CHRISTIAN DisCAsk

The onsct 13 insidious It 15 usually seen mn nfanu and children but may occur
m adults The bone lesions are 2 prominent feature and may be the presenting
symptom The skull bones are the frequent site of osseous lesions although the long
bones vertebral bodies ribs maxillae pelvic bones and scapulae may also be affected.
Any portion of the calvarium may be involved and both tables are usually destroyed.
‘The appearance of the areas of bone datruction as seen on X ray films 18 rather char
acteristic. Margins are sharply defined and resemble cystic arcas but the wregular
shape of the mdiolucent areas especially in the calvarium are almost pathognomonic.
Vertebral bodies are prone to collapse but cord compression 1s unusual. When the
classical triad of symptoms 1s present, the diagnoss 1s canily made (map-like skull,
exophthalmos and dubetes 1nsipidus) but many of our cases have lacked the latter
two features and some have had long bone lesions which gave the presenung symp-
toms A skeletal survey may m such cases dusclose other arcas which had not been
suspected  Metastatic bone disease may rarely present a sumiar appearance (ncuro-
blastoma)

EasinoruiLic GRANULOMA

This disorder believed to be a phase of the two preceding diseases has 1ts greatest
madence 1 older children adolescents and young adults The onset of the process
15 msdious symptoms may be wsignificant and may be present for a long period
prior to first observation

Lesions appear on \ ray films as wholly radiolucent areas irregular m shape but
often roughly spherical quute sharply circumsenibed and even punched-out. Obviously
of medullary origan, they tend to destroy the cortex from within but seldom dustort the
shape of the bone Perforation of the cortex may occur and then shight reactive new
bone formation may be seen but this 18 not & prominent feature In older pauents
metastatic carcinoma or plasma cell myeloma may be suggested 1n younger patients,
Ewing s sarcoma medullary fibrosarcoma or central chondrosarcoma may resemble
this condition

LIPID STORAGE DISEASES

GAUCHER $ DISEASE

This rare affection characterized by chronic anemia enlarged spleen and large
Iiprd-containing cells (kerasin) throughout the hemopoictic system has an nsidions
onset, periods of remusion and a protracted course Since 1 addition to the spleen
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the theletal syutetn 15 the wost constant focus of the discase 1t follows that there are
important bone changes There 18 absorption decalatfication scleross and resulting
therefrom deformities s outhne parucularly of the vertebre and fenur In the
distal half of the latter there 18 often produced 1 pecubar appearance due to thinning
of the cortex which resembles the outhne of an Erlenmayer flask. These arcas reveal
replacement of the normal marrow by Cauchers cells Vertebral involvement re-
sembles tuberculosis rather than neoplisuc ducuc 1lthough the mieriertebral dusks
arc not affected

NIEAANY P1cr DisEAsE

This rare discase shows a predilection for children of Jewish parentage It 1
congenital and famihal and 1 wually noted m infancy It may be described a1 an
essential iprd hustiocytoss. The hipid invohved 15 the dianunophosphatid syringo-
myelin The skeletal changes 1n this condition are much less noteworthy than those
1 Gaucher s discase 10 fact shght osteoporosis of the cranial bones and the major
long bones are all that 15 usually detccted The prominence of the other aspects of
the discase makes confusion with other bone diseases unlikely Therefore 1t 1s of only

academic nterest to those pnmarnly concerned with roentgenographic diagnosis of
skeletal affections

FIBROCAYSTIC DISEASES

H\ PERPARATHYROIDISN

This discase first deseribed by Recklinghausen m 1891 and termed by hum ostentts
fibrosa cystica has been fully cstabluhed as due to hypersecretion of the parathvroid
glands Usually a single parathyroid becomes adenomatons

Clinscal symptoms and signs of skeletal changes are often alight, with pam that 1s
mild and ntermittent Fracture of one of the bones may lead 10 the dagnosts Once
the duease 18 suspected 3 study of the serum calaum  phosphorus and phosphatase
will generally confimm st Moreover there 15 a tendency 1o form alcuh 1n the kidney
pelvis a feature of this discase which 15 due to hypercalcemia. Cases are occasionally
duscovered when after 2 scout film of the kidney region dudloses calcult blood chem
swcal determinations are made

Raentgenographic examimation of the skeleton rexeals marked individual varation
1 the appearance cxtent loalization, and multiplicity of the lestons In the earlier
stages deaalerfication may produce a miliary mottled granular texture which 1s espe
cally noted n the skull and flat bones In the tubular long bones the trabeculae
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become indwstinct while the cortex 1 thinned. Later cystdike areas appear and some
may suggest areas of fibrous dysplasia ind others resemble tumors and contain grant
cells which 1n the past have been mustaken for guant cell cumors

DISEASES DUE TO CIRCULATORY DISTURBANCES IN BONE

AserTic Necrosis

The end result of an asepuic infarction of a poruon of bone due to an interruption
of a nutnient vessel 15 a hypercalcified area which presents a fairly typical roentgeno-
graphic appearance Local acute trauma or embolism by a small blood clot (bone n
farct) may be the etiologic factor the most frequent cause however 13 embolism from
nitrogen bubbles consequent to rapid lowenng of atmosphenic pressure Thus the
condition 18 scen 1n divers sandhogs and camsson workers 1o general It seems also
probable that jet pilots making rapid ascents to very high alutudes might be subject
to this condition under circumstances affecting the pressure within the airplane cabin
Other conditions m which an associated bone mfarction has been described are sickle
cell anemza and rheumatic fever

When the weight bearing bones are mvolved near their articular surfaces collapse
of a portion of the affected area may induce deformity which 1o ime may grve rise to
arthntic changes

‘The lesions are almost always located 1n major long bones and are more frequent
1 the lower than 1n the upper extremuity Rocntgenographic appearance 1 that of
an irregularly increased density usually surrounded by a thin band of alafication
while the shaft 15 not expanded and the cortex 15 not altered The lesions arc
usually duaphyseal and may extend into the epiphysus with secondary joint changes
23 mentioned above The condition 15 ustally seen in more than one bone which
serves to distinguish 1t from chronic sclerosing osteits which 1t somewhat resembles
It 15 not associated with as much pan as 1s scen 10 low-grade sclerosing osteogenic
sarcoma  Caleifying enchondroma 15 usually expansile and does not as a rule pro-
duce jomt altcrations When an area that 15 suggestive of aseptic necrosis 1 found
other major long bones should be exammed roentgenographically

Cacrcinosis (TuaoraL Forar oF INCLAN)

Large calcified masses giving rise to bulky tumors which appear to have arisen from
bursae and spread to snvolve muscles have been described by Inclan who reported
s cases. Radiographic exammation reiealed a massive extremely dense ovoid or
spheroid tumor which, on a single film could not be disungusshed from a sclerosing
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osteogenic sarcoma or a alaficd ostcoma Stereoscopic examination should extablish
the fact that the bone 13 not involved the process being confined to soft ussucs.

DISEASES DUE TO TRAUMA

Ossirviae HEsATosA (Myosrmis Ossiricans TRAUMATICA)

The condition knotwn as ossifymg hematoma or trawmatic inyositis omsificans 1s apt
to be confused 1n 1ts early phases with an ostcogenic sarcoma Not only 15 the roent
genographic picture similar but even the microscopic appearance may be so aim-
flar as to make a correct imerpretanion difficult. Morcover a palpable fixed firm
or hard swelling 13 cvident on chimeal exammauon which 13 suggestive of a true
neoplasm.

Roemgenographic cxamimation should always mclude stercoscopic views because
they will reveal an intact cortex and establuh the fact that the bone 18 not destroyed
or ivaded It 1s duning the period of from one to four weeks after the mnjury that
the Toentgenolognt will find 1t most difficult 10 dusungush betneen myositis canfi
cans and osteogenic sarcoma Thereafter myositis ossificans assumes a more and more
orderly appearance and progressively looks less and less like sarcoma When doubt sull
exsts afier all the evidence 15 at hand one 13 fully jusufied 1n purswing o course of
close obscrvation with frequent rechecking of the roentgenographic findings

Finally 1t should be mentioned that there have been rare instances of late develop-
ment of a true osteogemc sarcoma on the bass of myositis ossificans

FATIGUE FRACTURE (MaxcH FracTuRre)

In war ime the frequency of march fracture 15 such that roentgenologusts are alert
to 1ts possible presence as an explanation of a zone of increased denmty about an
almost imperceptible line or crack acrows a long bone and especially a metatarsal,
in the early proliferative stage of such a fracture in the uncommon sites such as

proxamal ubwa femoral neck, or pubic ranus one may readily suspect that the con
dition 15 2 bone sarcoma

PERIOSTEAL TEAR

[he action of 2 severe trauma sustained over a arcumscribed area of bone with
out praducing a fracture may result in a teaning or spliting of the periosteum and
thereafter a productive new bone formation sometmes results which leads the ob-
$ETVET 10 suspect on roentgenographic examination that an carly bone sarcoma 13
present. The confusion arses only 1n a brief peniod following the injury for the
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appearance raptdly becomes more typical of orderly bone repair and less like |
bone formation

DISEASES OF UNCERTAIN ETIOLOGY

OsTErTs DEFORMANS (PAGET s DiseasE oF BoNg)

The complication of osteogenic sarcoma arising on an 1rea of osteitts defor
has already been discussed (see Chapter 1) However ostertus deformans unce
ated by such a transfonmation 1s a skeletal ducase which the roentgenology
occasionally be required to distinguish from bone tumors

In the early phase of this disease which 15 characterzed by Iytic Iesions 1
than productive ones with rrregular bone formation the roentgenographic ap
ance may suggest fibrous dysplasia or a typical metastatic cancer or even a dr
destruction from hyperparathyrordism Blood chemstry and skeleral sunvey
clanify the diagnosis

When the disease affects the pelvis and lumbar spine 1n males there may
clote similarity to metastaue prostate cancer and the aad phosphamse level 1
serum will 1o such cases be of great amistance. Changes in shape swe and stru
of the bone are characterustic of astertis deformans, The peculiar anociate
osteoporosis and osteoscleross which completely alters the normal trabecular
tern 14 so distnct 1n many cascs as to suggest the diagnosis at finst glance.

Leovtiass Ossea

This term first apphied by Virchow m 1865 1s a descriptne one rather th
pathologic entity Hence there are 2 number of types which may be due 10 diffi
ctiologic factors Among thae are fibrous dysplasia localized osteius deforr
chronuc or creeping pertostitis diffuse asteitss cystic leviont of hyperparathyrou
adamantinoma of supertor maxilla and finally true neoplasms of slow growth

The bone changes are as would be expected widely divergent according
underlying pathology They are osteoblastic osteolytic or a combination of both
such descriptive terms as  cotton ke rarefaction Mty moth-caten

woolen doth have been apphed

MELORHFOSTOMS
A rare bone affection first desenibed mn 1928 by Lém and Joanny present
wregular cortical and pentosteal swelling involving the shaft of a long bone or 1
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frequently scveral long bonesofa single extrermity  Usually a rather extensive portion
of the shaft 15 affected and on onc aspeet rather than arcumferenualfy 3o that the
appearance on an \ ray film has been likened to honey flowing on a suck or hike
candle wax dnpping along one side of a candle.

When such a lesion 1s found on roentgenograms 1t 1s 1mportant to make a com
plete study of films of the entire extremity as an 1solated area may be mistaken for
sclerosing osteits, osteord ostecoma lues or even a longhealed pyogenic penosuits
The etology of the condition 1s obscure but some obscrvers have considered that 1t
may be related to a metameric embryological disturbance No case of malignant
transformatron has ever been deseribed

PranTov Bove (SFONTANEOUS ARSORPTION OF BONE)

This exceedingly rare condition affecting bone 1s charactenized by slow progressive
absorption of bone. Up to the present time we know of only half a dozen case reports
m medical hterature and we have personally obsenved a single case (that reported
by Branch) but have seen the films and secuons of two others.? Most of the cases have
involved the bones of the shoulder girdle and the process 15 not confined to a single
bone but extends to adgacent bones. Thus one case commencing mn the clavicle later
affected the acromion process nech and supraspinous portion of the scapula. Another
clavicle ase showed involvement also of the first ib The essenual bony lesions
i a third case included the clavicle and later the scapula, upper humerus upper
three nbs, and sixth and seventh cervical vertebrac. The roentgenographic appear
ance 1s sioply that of complete absence of bone 1n the area involved and this area

becomes progressiely more extenstie as ime goes on no form of treatment seems
to arrest or cven retard its progress

Ineastiie Cormicar Hirerostosts

This pecular lesion was first described by Caffey and Silverman 1n 1945 and one
year later by Smyth It 1s a disexse of the early months of the first vear of life whaich n
characterzed by tender soft-part swellings stnking bone changes and a febrile
reaction. The enology and pathogenesis are obscure. Fortunately the process i self
himited and runs 1ts course apparently without influence of therapy Lesions are fre
quently multsple and are featured by a pronounced thickenming of cortical bone of
the shate. The epiphyses metaphyies centers of osufication and ncellous bone
areas are unaffected

Our experience with four cases which were all suspected of being bone sarcoma

Nesplesms of Bou (Faul B Hocber Inc. 9. pp. 6% 69 )
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leads us to include this discase among those which require consideratron 1n a dif
ferenual diagnosis The microscopic appearance 13 not that of a malignant neoplasm

AGNOGENC MYELOID METAPLASIA

This condition  the etiology of which 15 as yet not understood 15 characterized by
great chronicity anemia with splenomegaly and hepatomegaly but without lymph
adenopathy Bone pain 1s one of the symptoms and 1s due apparently to encroach
ment by fibrous tissue and sclerasis The patient may have the disease for fificen to
thurty years often with no complant. Symptoms of anemia usually first brng the
patient to a doctor The roentgenographic picture 1n the early stages shows a loss of
the normal trabeculaton and thinning of the cortex with lessened density In the later
stages the bone becomes thickened and osteosclerotic with increased density 1n both
cortex and medulla. Both findings may be present at the same ume.
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Fic. 130 Ostcomyehtts of pyogenic
ongin The oval area of marked radio-
lacence is assocated with 2 wide fusiform
100e of periosteal reactise bone formation
on the lateral aspect of the cortex the
latter is not actually destroyed. The organ
um obtamned at opcrauon was a siaphy
lococcus. The patient was a 21 year-old
woman

Medullary fibrosarcorma might require
differental diagnosis,
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Fio. 131 Osteomyelits tn 6-year-old
boy This view suggests very strongly the
presence of Ewings marcoma mather tham
bone Infection The diaphyslal ongin the
wide extent of shaft involved the lamellated
reactive cartical new boue and the central
area of ostcolysis made this case onc n
which 2 microscopic exarmunation was e
quired for a correct diagnosus. Five year
follow up
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Fic 132 Osteomyelttss of radius This
film of the bones of the forearm of a 14 year
old guirl 1s rather typial of a chronic long
standing osteomyelitis. While there 13 no
obvious sequestrum  the normal cutline of
the bone is threaded with an mvolugum-
Iike formation of new bone. The margins
on the radial side are clearly shown and
they present a sharply circumscnibed bor
der which 1s slightly scalloped at the center
of the shaft. At the juncuon of the lower
fourth with the upper three foarths ere two
scparate radiolucent areas which probably
represent abscess cavities. This case was
seen 1n the Bone Tumor Clinic as a possible
necoplasm but the diagnosis of Staphylococ
cus aureus osteomyelitis was confirmed at
operation.
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Fic 183 Pyogemic osteomyelitis with
pathologic fracture The patient was an 11
year-old boy This case so closely simulated
a primary boae sarcoma that most of those
who mw lum in the hospital made that
diagnosis. Note especually the strands of
raactine bone on the medial and lateral

aspects of the proamal third of the femur
the fincly granular appearance of the shaft
Dbelow the trochanter and the mvolyement
of the head of the femur At operation usue
report was inflammatory (granulauon tls
sue, no tumor cells were found)
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Fic. 134 Lowgrade subacute osteomye
litis of the femur This go-year-old male
with a three month history of constant ach
1ng pamn m the thigh was seen by several
doctors and finally referred to the Bone
Tumor Chnic with a diagnosis of posuble
osteogenic sarcoma The films revealed a
combination of bone destruction and bon
production. The destrucuve area is shiglitly
lobulated into three portions and occupies
the medullary cavity On the lateral aspect
the corucal line 13 unbroken and en \.-ray
examination appears to be quite unmin
vaded. On the medual agpect, however over
20 area shightly greater n extent than the
obvious medullary involvement there 13 a
marked alteration 1n tlie cortex. This is
charactenzed by destruction of the normal
cortical outhine and thinning of 1t in places
and a productive new bone formation
which 1 fairly well arcumsenbed and lacks
either the lamellar arrangement of Ewing s
arcoma or the stnations at night angles to
the shaft of the bone which are often seen
n osteogenic \Arcoma. In such a lesion
micrescopic or bacteriologic confirmation is

also csential Both were obtained 1n this
awe
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Fic 187 Syphilsiic osteatts A wide ex
tent of the fibular shaft 11 seen to be m
volved both lyne and productive changes
are present. There 15 a pathologic fracture
at about the mrddle portion of the bone
The lesion 13 somewhat unusual because 1t
is largely lyuc wath very hle productive

peniostitus. It could easily be mistaken for a
neoplasm. Note abwo the bulky soft (msue
mass over the proxamal end of the ubsua
which erodes the adpcent cortex. Syphils
of bone can resemble a wide vanety of
skeletal conditrons including bone srcoc
and metastatic cancer
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Fic. 188  Sporotrichosus of bone caused
by Sporotnchum schenkn Loaluzed ex
pansion of bone which 1s denser and more
sclerouc than normal The peripheral mar
gn of the projecung process has a rather
sharply arcumsembed edge  Presumably
from this single exposure a diagnosis of

ulerosung osteogenic marcoma mught be
made Note also the joint mvolyement
whicl, howerer would help to exclude
malignant tumor Tl Is onc of the ex
tremely rare affections of the skeletal
system
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Fic 139 Hydatid ducase of the tlium
Note the marked expansion and bone de-
sguction together with cldfic deposus
which simulate new bone formavon This
case was regarded as chondrosarcoma unpl
biopsy disclosed 1ts true nature in fact the

roentgenographic appearance 1 strikingly

simular Osieous mamifestations of hydatd
discase are rare in thu country oaly aboot
a dozen cascs have been reported. In Argen-
tins, Australa parts of Chiaa, and the
Mediterranean arca the condltion is mot
infrequently found.
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Fic 140 LettererSiue disease Lesions
are seen in the humerus and nb The for
mer i characterized by a diffuse Iytic area
without expansion of the cortex the latter
expands the cortex and appears as an area
of bone destruction with muoluple small
locul.. This uniformly fatal disease affect
ing mfants under 2 years of age 15 usually
manifested by the symptoms and signs and
not pnmanly by the roentgenograma.
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Fic 141 Letterer Stwe disease~—same
case as Fig 140 Showing a well-crrcum
scribed lows of bone m the supraorbital and
temporal area on the nght, and a small al

most sphenical area of ssmilar nature en the
left. Symilar skull defects in older children
are scen n cases of HandSchitler-Chris-
tan s syndrome
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Fic 14 Hand Schiller Chnistian  dis-
ease The striking feature scen 1n this view
15 the vanying degree of collapse of some of
the dorsal and lumbar sertebral bodies,
some of which are aimoat wafer thin There
are lytlc changes 1n some of the bodies
which have not yet collapsed. Thus patlent
recovered and is well eighteen years later
Recent films reveal a sertebral column
which sthows no evidence of previous col
lapse
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Frc 148 Hand Schaller-Chnstian dis
case Note multiple sharply arcumscribed
areas of complete loms of bone which are
quite typlcal of skull lesions of this discase
to which the term “map-like skull has
been applied. The other features of the
triad are dubetes insipidus and exophthal
mos, but many cases are scen in which the
latter findings are absent.
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Fic 144 Heand-Schuller-Chnstian dus
ease (eosmoplnlic granuloma) Same case as
Fig 143 The diuseasc has affected both fem
ora and tlte Iesions have a somen hat muld
locular tendency There 1s pracdally no re
active bone in the lesion in the shaft of the
left femur but on the medual aspect of the

right femur productive bone Is seen This
patent was a male child of g whose serum
alaum  phosphatase  phasphorus  and
protem levels were normal This case was
one of the faral forms of Hand Schilller
Christan disease The patient succumbed
about five months after he was first seen.
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Fic. 145 Eosmnophilic granvlome. Tho
humeral lenion appeared 1n a 17 year-old
boy It is unrcameral medullary osteolytic
and fairly sharply outlined. Such lemons
have been mutaken for varoms types of
medallary malignant discase such as cen-
tral medullary sarcoma Ewing s marcoma,
or even metastatic carcinoma If accenlble
to aspiration biopsy the dlagnosls may
often be confirmed by the pathologst.
These lesicns are radiosensitive the use of
curettage and bone chips is also recom
mended, especully when the condinon 15
not recognized until operation has been
undertaken
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Fic. 146 Eonniophilic granwloma m a
soung man The purcly destrucuve lesion
1n the squamous portion of the temporal
bone presents abrupt though irregular
margins with no reactine penphieral rone
of incrcased density

Treatment was surgical and the case has
been followed for thirteen years with no
further symptoms
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F16 147 Ganchers disease Extemsie
involyement of the femur in a 33 yrar-old
an characterized chiefly by marked osteo-
lyns whaich i partcularly noticeable in the
lower third by thinning of the cortex, and
by a stight tendency to septate arrangement.
At the junction of the middle and lower
thurds, a narrow rone of inaremsed density
is seen There 13 some deformaty of the head
of the femur with sclerons This lenon e
quures differentiation from fibrous dyspla-
ua and in some instances may reremble 2
low-grade medullary fibrosarcoma or even
metaratic carcigoma,
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Fic. 148 Gaucher s duease This view
depicts the appearance of a long standing
Gaucher s dusease affecung the shaft and
metaphyas of the femur The expansion to
which the term  Erlenmayer flak” has
been gven 1 not conspicuous in this 1n
stance but the thianing of the spongiasx
and the endosteal secondany alafication
pount 10 the procens being of long standing
Other sleletal lesions of the ducase were
present. This pauent was a man of 57 years.
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Fic 149 Gaucher s dusease Charactens-
tic Erlenmayer flask expansion of distal
duaphyseal and metaphyseal portions of the
bone are seen The destructhve phase is
accompanted by a mottled patchy area of
Tepanative bone and alaficauon 1n order
o arrive at a correct diagnosis 1t is helpful
to ascertawn the presence of splenomegaly
Biopsy of a boue lesion will make sdentlfi-
cation easy as the mucroscople picture is
quite chanactertic,
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Fi6. 150 Hyperparathyrodism (ostestis
Rbrasa cysticn generalisata). Mululocular
Cystic process 1n shaft of an adult long bone
This flm was made alter removal of a para
thyroid adenoma and realcification of dis
tal end of radius has occurred but the cystic
area proximal thereto has pensisted. Subse
quent operation with bone transplant was
follomed by complete recalafiation
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Fic 151 Hyperparathyroidism. Osteo-
Iytuc area in the mid shaft of the femur i a
patient from whom a parathyroid adenoma
was subsequently removed. The margins of
the lenon are less clearly defined than is
usually the case with fibrous dysplasa, The
appearance can be simulated closely by an
arca of plasma cell myeloma or metastatic
ancer Remal caleuh were alio demon
strated. The scrum alaum  phosphorus,
and phosphatasc values were charzcterist!
cally altered.
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Fic 152 Aseplic necross of bone (Cais-

son disease) Note that the changes lic en
tirely within the normal confines of the
bone the outhine of which 1 not altered
and that these changes consist in a mottled,
irregular  @lafic depost which has re
placed the normal trabecular pattern Dis
ally the process 15 more sharply outlined
and scalloped. This patient gave a history
of exposure to atmospheric changes while
working as a sandhog Other long bones
were similarly mohed No microscopic
confirmation was obtalned.
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Fi¢ 153  Renal rickets. The entire vis-
ible portion of the humerus shows pro-
found osteoporosy which scems to have
progressed as an endosteal and medullary
absorption of bone trabeculac and yet has
preserved intact the outermost layers of the
cortex. The process 15 unusually diffuse
and homogeneous. Sections of other bones
at 2utopsy revealed microscoprc evidence of
diffuse bone nvolvement not detectable on
rocntgenograms. The discase most closely
simulating it rocntgenographially is hy
perparathyroidism
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Fic 154 Infantie scurvy Note the tre
mendous extent of the new bone formation
which involves the femur from the distal
cpiphyseal line almost to the lesser trochan
ter The striling feature here 13 that this
Dew bone 15 laid down around the intact
coctex and that 1t 1s rather sharply circum
sxibed  penphenally  The lesions wath
which it might be confused are Infanule
cortlaal hyperostosis or 5y philis. Florid cases
of infantile scurvy are now rarely scen mn
the United States,




188 TUMORS OF BONE 4 ROENTGENOGRAPHIC ATLAS

Fio 155 Neuropathic bone changes
Pauent had spina bifida with meningomye
locele and cord bladder Note the destruc
tive process 1 the right femoral neck and
the hyperplastic bone formanon 1w the
lower half of the left femur A rubber

suprapubic cystostomy tube 1 secT. Cases
such as this appear to be rather frequentn
patents suffermg from paraplegia, and r¢
ports from veterans hospitals have cmpha
sized therr occurrence n paraplegic sol
diers.
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Fio 156 [ ostmenopausal osteofrorass
18 & 61 year-old woman The entire lymbar
spine shows a diminution m bone denslty
which 11 diffuse and homogeneous The
veroal dameter of some of the vertebrae
bas been reduced. Ocaaslonally one or
more bodies may be conspicuously col
lipsed and the question of myeloma or
metastatlc cancer then may anse
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Fic 157 Postmenopausal osteoporons
with compression fracture end deformity of
the tuelfth dorsal vertebra The features
noted 1n Fig 1,0 arc seen here. The diffuse
asteoporouc appearance is somewhat am-
{lar to the condinon scen 1n extremities

which is alled Sudeck s bone atrophy or
disuse atrophy of bone following prelonged

bilization. Post it 1 osteoporo-
s13 15 rarely scen 1n the shull or the extremi
tles but is generally confined to the
vertebral column.
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Fio 158  Myositis outficans (ossifying
hematoma) This myositic condition has
aused confusion 11 the microscopic differ
entation from osteogenic sarcoma. Its
roentgenographic appearance 15 usually
more relable than the microscopic. The
most important feature 1s the absence of
any immolvement or destruction of the cor
tex, the cortical line beneath the tumor
bemg completely unbroken. In some cases
1t requires a stereoscopic study to confirm
the presence of this intact cortical line The
productive bone fades by msenuble grada
tons at ether end of the process and pre
¥4 2 relatnely smooth outline on 1ts
coovex surface. From the fimt appearance
of new bone formation the difficulties
rocitgenographic interpretation  steadily
decrease with the passage of time, the ten
dency being for the appeanance to resemble
less and less an osteogenic sarcoma as the
Process develops a more adult type of bone
In cases of doubt and where there is no
molement of the cortex whatsoever a
delay of two to three weeks may be justified
which should be fotlowed by a second
Tontgenographic exammation This will

ten confirm the proence of an osfying
hematoms,
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Fic 159  Myoutts csmficans (osnfying
hematome) In dus instance, the formacion
of bone 15 not attached to the adjacent hu
meral shaft. Where such attachment is pres-
ent the diagnosis 1n the early phase of the

lesion s development s sometimes difficule
OF great awistance 18 the knowledge that
the condition follows rather shortly alter a
definite muscle trauma This case was not
confirmed microscopleally



CONDITIONS O BONF SIMUILITINC BONF TUMORS 193

Fic. 160 Ostertrs deformans (Pagets
dusease of bone). In this view the sclerosing
of productive phase predominates although
there are mulnple small lytic areas. In cases
such as thus the serum alkaline phosphatase
13 usually markedly elevated but the cal
cium and phosphorus are normal Meta
static prostatic cancer may gue a somew hat
stmilar appearance The arid phosphatase
level ss never clevated 1n Paget s discase but
wually 13 In metastatic prostatic carcinomna
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Fic 161 Ostettys deformans (Pagets
disease of bone) Same case as Fig 160 Here
are shown both producave and destructive
phases m close proximity Marked bowing
of the tibia u making place The destructive
phase precedes the productive or healing
phasc and leads to strevses and strains which
i tum sumulate ostcoblasts to lay down
more matrx with reyultant rise 1n the alks-
line phosphatase level In the long bones
and vertebrae bone repair occurs practically
smultancously with bone destruction. The
calvarium is frequently 1nvolved and enor
mous thickening may result in progressive
merease m the size of the head.
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Fic, 162 Osteiuis deformans with meta
dlatic cancer The visible portion of the
seleton reveals classical features of Paget s
diease but 1n the head and neck of the
femur there i3 a supcrinposed malignant
tumor While one would readily assume
that 1t is osteogenic sarcoma on Paget s dis-
@, it was microscopiaally proved to be
metanatic renal earcinoma which had not

been suspected. We have seen other mmular
cases wnvolving primary lung and colon tu
mors 30 that while sarcoma on Paget s dus-
casc 13 still the most logical explanation for
a malignant lesion engrafted on a bone
showing the characteristics of Pagets dus-
case one must always realze that it may
also be metastatic cancer
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Fic 16 Osteoporons crcumscnpla
‘The antenor half of the calvanum presents
almost complete loss of bone with a sharply
demarcated margin. In the frontal area,
regular patches of bone are seen which pre
sumably represent the beginmings of the
productve phase of the underlying discase
sehich 15 ostertss deformans (Paget s disease)
In support of the theory that 1t 13 related to
or 2 manifestation of early Paget s ducase s
the fact that more than two-thirds of the
reported cases showed other skeletal mani
festations of the latter disease.
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Fic. 164 Hyperostoss frontalis interna
Pa of thus conditron are the fact
that hyperplastic bone is laid down within
the vault and extending from the maer
table without alfecting the oater table 1n
0y way and that the margins are smooth

and sharply arcumsanbed The etiology of
the disease 15 unknown and 1ts appearance
18 quitc dustinctive on \ ray examimuon
and should not cause any diagnostic diflt
culty
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Fic 165 Osteopetrosis (Albers-Schon causcs a complete or partial loss of the nor
berg disease  marble bone) There 1 mal architecture of the bone. Familal traits
marked wcreased radiopacity and the nor are striking Consangumity of the pareats
mal configuratuon of the bones 15 modified has been a frequent occurrence and was
the process 13 homogeneous and diffuse. All noted m about onc half of the reported
the bones show thus mcreased dennity which cases,
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Fic. 166 Osteopetrons (AlbersSchan
berg disease marble bone) The same con
dutlon as shown 1n Fig 16, molung the
bones of the forearm The spongiosa cot
tex, and medullary avity arc obliterated-
This patient was one of eight children four
of whom were known to have osteop<trosts-
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Fic 167 Osteopetrons (Albers Schén
berg duease marble bone) Same case as
Fig 166 Even the skull 13 imvolved with
almost complete loss of detarl of the bones
of the alvanum maxilla, and mandible
One case has been reported where osteope

trosis was complicated by a typleal scleros-
ing osteogenic sarcorm of the femur in 2
zo-year-old Negro man Osteopetrosis s not
associated with abnormal levels of serum
alkaline phosphatase
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Fiac. 168  Osteopetrosns (Albers-Schan
berg discase marble bone). A similar ap-
pearance 13 shown 1n this film of the tho-
racac cage Four siblings were similarly
affected and consanguinity of parents may
have been a factor Superficially this disease
may resemble chronic fluonde poisoning
roentgenographically In fluonde posoning
the architecture of the bone 15 usually well
prosened and the cpiphyses are demonstra
ble long after they normally shonld dis-
appear
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Fic 169 Infantle coriical Iyperostoss
1n a female infant aged 3 months, The ulna
is involved almost 1n 1ts entirety New bane
production has greatly widened the shaft
but in an orderly fashion The scapulz and
mandible are more often affected than the
tubular long bones. The condition usually
appears 1n the early months of the first year
of life Jts ctiology Is unknown and it
pathogenesis 13 obscure It is 2 self limited
process and runs its course apparently unin
fluenced by therapy e have scen 4 caxes
where a dlagnoss of bone sarcoma had
been made and amputation had been sen
ously considered
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Fic 170  Adgnogenic myelord metapla

sta A dense sclerotic process imolves both
mnominate bones and the lumbar verte
brac. In some areas there 13 thinning of the
cortex. The pauent also suffered from ane
miz and splenomegaly with hepatomegaly
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Fic 11 Agnogemic myeloid metapla molied as were other boincx. ;I;l}x]c cr:tnc;
s1a (same cate as F1g r70) The skull and genogram also shows thinning of the
cenial vertebrae are scen to be mmilarly and patchy sclerosis (sce p 161)



CONDIIIONS OF BONF SIMUI ATINC BONF TUMORS 20,

Fic 172 A B C. Hypertrophic osteo-
arthropathy A girl of 11 years was ampu
tated on September 17 19,1 for osteogenic
marcomz of ubiz Pulmomry metastases
were noted on September 5, 19,2 and at
this ume there were pamnful areas in ather
bones This vien of the radius and ulna re
veals the subperiosteal new bone formanion
which 1s laminated 2nd bears some resem
blance to Fwing s sarcoma  Radiograms re
rvealed that other bones including the hands
were affected The condion 13 10 most
cases sccondary to disease in the chest and
1n this 1instance was undoubtedly related to
the pulmonary metastases,
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