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I. Introduction

A very little investi ation into this fopic will
convince anycne of the necessity of sharnly limiting the
number of topics to a few of the rore important diseases
or syndromes showing cystic changes in the btone. It would
be very easy to write an entire book on this subject. The
nunber of disease processes having true cystic chances in the
Yone or simulating them on X~ray is astoundingc. The range
encompasses embryologic melformetions, infections, funcous

3

diseases, tumors, and a number of systermic diseases with
cystic changes in the bone.
As in any otker diagnostic rnrokblem the final

iagnosis is almost never tase” on one csincle change or

(&

findinr., Always the vest history, =zre, sex, physical deform-
ity, blood picture, rlood chemistry determinations, “-ray
picture, and biopsy nust be carefully weirshed and correlates,

Seldom, if ever, is any one chznge pzthocnoronic.

[

Cystic bone diseases are fascinzting in mueh the
same manner as are blood studies and tlood dyscraesias in

that the bony changes often reflect the disordere’ metebolism
of the whole body. In many of the less well understood syn-

dromes a pattern is now beginnin~ to ener-e; where formerly
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three or four conditions were clacssified as separate enti-

oM

ties, now 1t 1is becoming understood that they are really

only different stages in the nrogress of the same disease.

I1. Solitary Rone Cysts

The simnlest type of cystic bone disease 1is the
solitary bone cvst which is usually found in the sheft of
the long bones of adolescents and young sdults. The average
patient is between ten and fifteen years of =age. The three
commonest sites ere the upper shaft of the femur, hunerus,
and tibia. At the age period when these are prone %o occur
they are found in relationship to an unossified epiphyseal
line. An area of new bone in a metaphyseal region is involved
and the pathological process appears to be related to this
new bone formation. In the older age groups,due to bone
growth, the lesion has migrated to the mid-shaft recion,

Clinically the patient is generally seen because
of a pathologic fracture. The other clinical features
include swelling, slight deformity, and a moderate degree
of pain. The average duration of the symptoms is two and
a half years, but it may be as long as forty years. This
latter is the so-called latent bone cyst and is as a rule
picked up accidentally on X-ray examination. Another vari-
ant of this lesion is the acute bone cyst of not more than
six months' duration which is located on the border of the

epiphyseal line and contains giant cells. This type is often
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mistaken c¢linically for a glant cell tumor., Probably it is
really a transitional‘lesion between benign bone cyst and

glant cell tumor.

X-ray examination shows an ununited epiphysis near
the lesion,which is indicative of youth, and central bone des-
trucetion located in the metaphysis with a fusiform expansion
of thin cortical bone about the defect. Trabeculae extend
irregularly across the cyst and when pathologic fracture occurs,
the margins show an attempt at spontaneous healing by their
increased density. The cortex about the cyst is rarely per-
forated except at the site of a fracture., The smooth, intact
bone shell is an important diagnostie sign of its benign
charaéter. Roughening of the surface and radiating spie-
ules of bone or periosteal lipping are more typical of osteo-
genic sarcoma. Melting away of the shell at one point without
seduestration should arouse suspicion of the osteolytiec
form of osteogenic sarcoma. Bending in the region of the
defect in the bone favors the diagnosis of benign bone cyst
since it indicates a chronic disturbance to which the weakened
bone has become gradually adjusted., Adjacent areas of increased
density suggestive of a healing reaction.also are indicative
of a bone eyst.

On gross examination of such a specimen, the thick-
ness of the cyst wall varies according to the duration of
symptoms, The thicker shell in o0ld cysts indicates that a
healing reaction is taking place. On section these cysts may

or mey not have a connective tissue lining and may contain
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serous fluid or fibrous tissue. Calcium spicules may be
found on the inner side of the lining or the remains of
tissue resembling a grumous giant cell tumor meay be seen,
In the shell of bone overlyine the cavity there is frequently
an indurated area extending into the fibrous linina which
sugsrests new bone formation but the location indicates that
thies is proceeding from the cortical region of the shaft
rather than from a central metaphyseal location. Aside from
this, the gross specimen susgzests a process 5f bone destruc-
tion rather than one of bone formation.
l"icroscopic examination in most instances fails to
show a destructive process which could explain the cavity
formation. [ost of the tissue of the cyst wall is quite uni-
form, consisting of spindle cells and¢ fibroblasts with a
good deal of clear intercellular substence. The cysts may
show areas of o0ld hemorrhage, islands of bone or bone tra-
beculae or vessels in areas of fresh hemorrhage. About the
cyst wall the connective tissue is condensed to form a fibrous
lining. Eehindbthe fibrous lining fibroblasts are laying
down intercellular substance with the formstion of osteo-~
blasts and the direct proliferation of new bone. Cccasional
giant cell areas with round cells may be seen. The remnants
of 0ld hemorrhages are often found within the smaller cysts.
The first row of cells srourd & bony spicule is an actively
proliferating layer of osteoblasts gradually mercing into
fibroblasts toweard the perirhery. Peyond this there is loose

fibrous tissue, almost myxomatous in arpearance. The cycle
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appears to be from spindle cells to fibroblasts to osteo-
blasts and then to new bone formation, the bone being oste-
0id tissue before celcification, Ciant cells are associated
only with new vessels and fresh hemorrhages rather than with
01d blood seen within the cysts.

“"he process seems to be one of fibrous »nrolifer-
ation and new bone formatién and is therefore concerned with
repair or healing. There is no evidence of inflammetory
reaction although repair following a medullary abscess may
show the same healing rhases as osteitis fibrosa. Regener-
ation takes place independently of the veriosteum. In most
cases this healin~ reaction is found arcund an area of bone
destruction. The reparative nature of the resction is shown
by the benign course and the tendency to undergo spontaneous
healing. The persistence is the result of nazture's difficulty
in collapsing the walls. Cften the lesion heals following a
fracture wnich collapses the cavity.

Copelandé and Geschickterl feel that the etiology
of the solitary benign cyst is as follows: 1. The formeation
of zient cell areas followed by the development of new blood
vessels and hemorrhage; 2. the absorption of hemorrhage with
cyst formation; 3. the lining of the cyst by fibrous tissue
which is gradually transformed into bone. This would indic?te
that they feel 1t is a healing giant cell tumor. Tclachlind,_
on the other hand, feels that this is untenable since giant

cell tumor occurs in an older =:/e group and is on the eri-

physeal rather than the metaphyseal side of the eniphyseal
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line. Fe feels that it may be due to 2 sinzle conrenital
defect or to =2 small hemorrhece resultinge from minor trauma.
Csuotic pressure would then produce & local increasse in pres-
sure with resultant atrophy of the adjacent bone.

In the diagnosis of benign bone cyst, the points
that will be helpful in evalustin the situ=tion =zre: usually
2 solitsry lesion, the benign course, the sce incidence.
Taboratory studies show that phosph-tase, blood =nd urine

vhosphorus and celcium =re all within normel 1liits. The

=rav picture is of especial value 2nd considersble diacnostic

u

e

wveisht will ve place on it. If it is dezme’ necessary for

3

the diassnosis or 1if rensated fractureec occur, & bioney m27v be

jaT

taken which will fTurther aid in esteblishin: the diagnosis,

Csteogenic sarcome must he differenticted iron
henirn bone cyst. The roent eno rerm will be helrful here as

describe” gsbove., Occasionslly cuwma mey he mistaken for &

cyst, tut perforation of the expande’ cortex, neriosteal
involvement,and secuestration zs mell ze bl.od tests srould

ectzblish the differentisl diagrosis. Trodie's zbscess 1is &

smeller lesion, rarely expands btlhie bone, a2ndéd is commonly seen

D

in the tibia. Ciant cell tumor i¢ seen in olier =oe ~rouns,

i

)

uniformly involves the evivhysis, and there is = ‘reater

tendercy for the corticasl bone to Le asyummetricelly exnanded
and perforsted. Chondromyxoms oI choniroms are usually found

nds o2nc Teet, more r=rely in the

Ay
o0

in the smell bones oF the h

f

rits and svine. Chondrorrta in the ion. kones occur rarsly

end when thev do are umore Tinely multiloculater.
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I1IT. TRenien Giant Cell Tunor

Fenien siant cell tumor is closelv relz=ted to
solitary cysts, tut is is a dise=zse of zdults, has a shorter

duration of symrtons, and a greater tendency to be progressive.

48]

Its location is inveriably &t the erivhvsis where osteorenesis
from cartilage occurs. Forty per cent of =211 ceses of g¢iant
cell tumor occur in the third decade of life. The sites most
commonly involve” are the epiphvsis of the lower end of the
femur and radius and the upper part of the tibia. Although
giant cell tumors are typically benigen, recurrences following
surgical treatment are not infrequently seen.
’ o

Copeland and feschickter helieve that both bone
cyst and giant cell tumor have their origin in abnormsl func-
tional activity of the bone marrow. They =ay, "Client cell
formation, therefore, marks the beginning of bone perforation
in the embryo, and in the wake of these cells new blood vessels
and osteoblasts follow. lore specifically and convincingly the
bone destructive character of these lesions =2nd the prevaelence
of giant cells or osteoclasts in them relsates them to the
process of resorption of temporary bone chsracterized by the
proliferation of osteoclasts or giani cells. ?roﬁ this we
conclude that the giant cell tumor and the relsted lesion of
bone cyst are the result'of an abnormal hypervlasia of osteo-~
clasts preceded by a normal stage in which osteoclastic pro-
liferation is taking place as & phase in the histiorenesis of
intracartiiaginous bone."™ However, if this is true,; it is

odd that it is not more conmon in the younger age group where
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such changes are occurring more rapnidly.

1))

The usual duretion of symntoms is two to fourteen
months with a sequence of trauma, pain, tumor, and fracture.
Trauma seems to he a more definite etiolocic factor than in
benign bone cyst. In cases X-rayed =% the time of injury and
at times theresfter, the gredual deveiopment of areag of
destruction can often be traced. Fain is more severe than
in bone cysts and of =2 more constant character. Fathologic
fracture is seen to occur in about fourteen per cent of cases.

Py X-ray the lesion is generally seen in an ssymmetrical
vosition in the eninphysis. From this it mey be assumed that
bone destruction begins subcortically and extends to a more
central position a2t the expense of cancellous bonrne. 'he bony
shell is very thin and is soon perforeted in the najority of
cases. ﬁarly in the course of the disease trabeculae may be
seen crossing the lesion; later these diseprear. The lesion
may extend into the soft pzrts. XZxtension into the joint
cavity is extremely rare. IZven in advanced ceses the neri-
osteum shows no reaction. This is z2n importent noint in dif-
ferentiatine it from the osteoiytic form of osteogenic sarcoma.

Grossly the tumor is hemorrhacic. It is multi-
colored, verving from red to black. At operation it oozes
like a sponge when touched. The cyst wall shows the tone
destruction observed on X-ray as well as tne healing reaction
abtout the margin. On section the tumor is seen to hbe very
friable and the trabeculae seen by X-rev prove to be inward

extensions of the cansule. 3JSometimes the capsule is leathery
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and fibrous li%e thet of the bone cyst. ZFibro-ostosis is
seen 1o be most pronounced on the shaft side where the cor-
tical bone thickens =2nd extends downward from the shaft
towerd the eniphysis preceded by fibrous tissue. The can-
cellous bone in the mecdullary cavity also attemnts to limit
the advance of the cystic erowth and occacionally =2n attemnt

t cansule formetion is noted con this =side. Torever, this

[0
| \3

reaction forms a less satisfactory linitation than on the

K}

corticael gide as the tumor often extends to the opposite side

-

of the epinrhysis before the cortical shell r~ives way. The

joint csvity resists invasion by calcification of its comnact
substance, the calcified tissue beins trznsformed into bone.
Cn microscopic examinstion the tumor nrecents large
multinucleated giant cells embelded in = gtroma irn which there
are masses of small round cells, The giant cells cverasce
around thirt- per low power field, ewch cell convaining fron
fifteen to two hurﬁre% nuclei. The number of <lent cells is
increased about hecorrhagic a2reas, spicules ¢f o014 hore, and
about walls of enoll cysts., Ciant cells vwith few nuclei znd
sparsely distribubted cre not typical of the beni-n ~iant cell
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tumor; thelr rresence is ¥
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and round cells, the rouud cells typically fzr cubunuwnt-ering

the spindle cells. “herever the ciant cells precouinate in
the tumor, the round cells correspondin.ly oreiomninate in the

strome.

Temorrhe and new bl 0od vessel {ormotion =re con-
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spicuous in giant cell tumors., Scattered red blood cells in
a good state of preservation are common. Spicules of bone are
frequently found near the margin of the tumor or its capsule.
Some of these bone spicules are undoubtedly old bone under-
going destruction as evidenced by giant cells at their periphery,
condensation of calcium salts, frayed edges, and the small size
of the bone cells in the matrix; other spicules with osteo-
blasts at their mergin represent a healing reaction.

An important variant of the benign giant cell tumor
is the‘occasional one which shows malignent change following
repeated surgical curetting, chemical swabbing, and irradiation.
Thus, Gershon-Cohen3 reports two such cases in a series of
twenty-nine cases. This type is characterized by persistent
regrowth and more rapid growth when it becomes mslignant.

Anpther variant of the benign giant cell tumor is

4 ) .
that first described by Codman and sometimes called "Codman's

n
epiphyseal chondromatous calcifying giant cell tumor. In
his series of nine cases all the lesions occurred in the upper
end of the humerus., It has since been described 1in other
locations, It occurs most frequently in adolescent or post-
adolescent males. The lesion is benign and heals after
thorough curettage. It begins in the epiphysis and later may
involve the metaphysis. It is differentiated from the typical
form of benign giant cell tumor mainly on a histologic basis.
Jaffe and Liehtenstein5 believe that it should not

be considered a variant of the benign giant cell tumor but as

a chondroblastoma on the basis of its histologiec composition.
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The disgnosis of this condition is based on its
location in the enirhysis, most frequently in the lower end
of the femur, upper end of the tibia, snd lower end of thé
radius. The characteristic history reveals the short duration
of symptoms, the average beins fourteen months, and the relation
to trauma. As in the henirn bone cyst, here too the blood
biochemical findincs are within normsl limits. The typical
picture by X-rey end firally a biopsy specimen should mske the

disgnosis relatively easy.

"IV, Von Recklinghausen's Disease

In order to understand this very interesting disease
it is necessary to review somewhat the physiology of the para-
thyroid glands which remained a mystery until the last twenty
vears.

&

In 1891 von Recklincrhausen described the disease which

now bears his name =né mentioned an analagous case described

17
by Engel in 1864. In the a2utopsy rerort of one of his early

¥]

caces of osteitis fibrosa cystica, a tumor of the perathyroid

{0
n

I

weg described, but it was not recognized as such by the great
p=thologist.
8
In 1903 Askanazy reported a similar cace of a para-
thyroid tumor with decalcification of the skeleton and multiple
fractures.

The sivnificence of the findings in these cases was

not recognized for a2 number of vears. Von Recklinghausen him-
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self felt that the skeletal changes were of fundamental impor-
tance to the diagnosis. In fact, von Recklinghausen's disease
was ldentified with Paget's disease.

Early in the twentieth century Erdheim9 observed
that hyperplasia of the parathyroids may be present with osteo-
malacia. He believed that fhe hyperplasia developed as a com-
pensatory resaction so that the glands could cope with the
large emounts of calcium and phosphorus liberated from the
decalecified skeleton. This observation influenced mediecal
thinking for a quarter of a century and the enlarged para-
thyroids found in many decalcifying bone diseases were all
considered to be secondary to decalcification of the skeleton.

In 1926 the report of MandllO that the removal of a
parathyroid adenoma was followed by marked improvement in the
signs and symptoms of generalized fibrocystic osteitis, brought
about a clarification of the confused picture of parathyroid
disease. It became apparent that there were itwo processes
involving the parathyroids with associated bony changes, which
were later termed "primary" and "secondary hyperparathyroidism”
by Albright%l In primary hyperparathyroidism more parathormone
is produced than is necessary because of the presence of a para-
thyroid adenoma or malignancy. In secondary hyperparathyroidism
more parathormone than is usual is also produced but the
excess is required for purposes of compensation, as in rickets,
where interference with the absorption of calcium from the gut

due to a lack of vitamin D, results in a low serum calcium,

This utimulatea the parathyroids to hypertrophy and hyperfunction.,
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In 1925 Collip had obtained a parathyroid extract
from beef parathyroids, fhe use of which greatly aided in
the experimental work in the physiology of these tiny glands.

Experimental removal of the parathyroids is followed
by a fall in blood calcium and a rise in inorgenic phosphorus.
Signs of tetany appear when the serum calcium falls below
6 mgs, %. Administration of parathyroid extract to dogs
results in an early rise in serum calcium to 18 to 22 mgs.
within twenty-four hours accompanied by a moderate fall in
serum phosphorus which is followed by a return to normal
and a slight rise. There is also a slight rise in pbtassium
and magnesium of the serum. During the rise in calcium there
are loss of appetite, depression and weakness, polyuris,
vomiting, diarrhea and dehydration. ,The urinery excretion
of calcium and phosphorus is greatly increased. Later there
is & reduction of 2 to 3 mgs., in the hyperéaleemia with a
pronounced rise in plasma inerganic phosphorus, a four-fold
increase in blood NPN, a reduction in blood volume by fifteen
per cent, and a concentration of the blood with a resultant
increase in its viscosity. Accompanying these blood changes
there is vomiting of bloody fluid and sometimes the passage
of blood-stained stools, signs of renal failure, and pros-
tration ending in death. |

The excess calecium in the serum following parathormone
overdosage is derived from the great storehouse for calcium
and phosphorus in the body, the skeleton. This leads to decal-

cification of the skeleton., Since the blood level is far above
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the renal threshold, there is a deposition of calcium in the
tissues of the body, principally in the kidney with the form-
ation of renal'calculi, the arterial tree, the myocardium,
lungs, and mucosa of the stomach and bronchi. This in turh‘v
leads to an impairment of the function of these organs.

In man the phyéiologic changes and symptoms produced
experimentally in animals take place to a large extent when
there is excessive production of parathormone due to the
presence of an adenoma or malignancy of the parathyroid glands.
When a malignant tumor is removed followed by cessation of
symptoms with later recurrence of the same symptoms, it is
generally ascribed to the development of metastases in the
adjacent lymph nodes.

Phosphorus and calcium in the blood maintain a
reciprocal relationship; a fall in calcium is accompanied by
a rise in phosphorus and vice versa. The normsl calcium level
in the blood is 10.5 mgs. ¥ 1 Mg, This calcium is present
in two forms--ionic caicium which normally mekes up 5 mgs.
of the total blood calcium, and 4 to 6 mgs. which is bound
‘to the serum protein as calcium proteinate and is controlled
by the level of total protein. The renal threshold for calcium
is 7.0 mgs. % so that there is a continuous loss of calcium
with & normael blood level. The normal amount of calcium in
a twenty-four hour specimen of urine is 0.1 to 0.3 gms.
and the phosphate content is 2.5 to 3.5 gms. The ionic
calcium is the fraction that controls the development of

tetany. A shift of the acid base balance of the blood toward
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the alkaline gide causes a reduction in the ionic calcium

fraction without alterings the concentration of?the total

calcium of the serum. The following equation illustrates
the possible relationship between the concentrations of

calcium, bicarbonete, nhosphete and hydrogen ions:

(ca  )(HCO.)(FPO, ) = ¥
I

According to this equation an increase in the concentration of
the bicarbonate ions or of phosphate ions or a fall in the
concentration of hydrogen ions would cause a reduction in the
concentration of ionized calcium without a change in the total
calcium level of the serum necessarily resulting.

In 1927 St. Cybdrgy showed that parsthormone lowers
plasma phosphorus and causes a shift of the blood pll to the
acid side, but does not affect the COp combining power of the

blood.
13

In 1927 also Albricht and ¥Ellsworth advanced the
theory thet the changes in calcium metabolism, includine changes
in bone were dependent upon preceding changes in the phosphorus
metabolism. They believed tﬁat,the lowering of the serum phos-
phorus level was the result of an increased phosphfge excretion
in the urine. ¢Collip, Pugsley, Selye, and Thomson, however,
after a study of the long bones of eignt nephrectomized rats
that had been injected with parathyroid extract, concluded that
the action of the parathyroid hormone on bone tissue was not
dependent upon a preceding phosphorus diuresis. Likewise,

15
McJunkin, Tweedy, and LicNamara found that the administration
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of" large doses of parathyrold extract to nephrectomized rats
produéed a pronounced resorption of bone althoush it did not
produce a characteristic rise in serum calcium. These experi-
ments showed that parathyroid extract has a decalcifying effect
on bones even in the absence of the kidneys. This effect is
not due to the acidity of the extract., Towever, nephrectomy
alone leads to bone resorption althousch not so sreat and
qualitatively different from that which occurs following the
administration of psrathyroid extract.
| In further pursuance of this problem Incalls,
Donaldson, and Albrigh%ereported additional experimental work
in 1943, They wére able to produce osteitis fibrosa in rats
in sixty hours with parsthyroid extract. The lesions were the
same whether or not the rats were first nephrectomized. The
lesions produced in nephrectomized rats by parathyroid extract

were already present in twenty hours, whereas lesions produced
by nerhrectomy had not yet appeared at that time.

Thus, 1t can be seen that the physiolory of the
parathyroids is not yet fully established and that research
is etill reing done on this problemn.

An understanding, at least in pasrt, of the physiology
of the psrathyroids makes 1t possible to explain mesny of the
patient's symptoms. ‘“eakness and malaise are to be expected
from the eltered body metabolism and the hypotoniza of the
muscles due to the hish concentration of calcium, which raises
the threshold of stimulation for muscles and nerves. Tull

aching of the bones or pain on motion are common symptoms.
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Fractures and bone deformities, as nisht he anticirated, are
frequently encountered. Deposition of calcium salts in the
pyramids may lead to renal insufficiencyv. Renel calculi with
hematuria end kdieny colic may be the presenting symptom. These
calculi are usually calcium phosphate but may have a large
admixture of calcium oxal=te, The presence of bhilateral renal

stones, often complicated by peylitis, lezds more frequently

to impairment of renal function than calcification of the

1t

varenchyme, however, Polyuria and poliydipsiz =2re often constant
features of this condition; where these two symptoms are mzarked
there is less tendency bto develop czlculi., The rolyuria in
rert is due to the high content of calcium in the urine which

holds a lar:e imount of water with it, vheresbr preventing

resorptioﬁ} This in turn causes thirst. Thie is not the
whole evplanction of the polyuria since it is known that the
nerathyroid hormone stimulates the kidney directly.

Yausea end vomiting, even uncontrollabie vomiting,
are seen and may be exnlazined by tire hynotonis =nd in some
cases by the caloinbsis of the gastiro-intestinzl mucoss,
Muscle cramps are caused by the hyverczlcenia. Jou~h ond
dyspnez ney result from hypercslcinosis o7 the bronchi. " hen

loss of celcium is especiall  mirkel in the terwinnol rhsleonses

of the fingers, clubbing develops,

[
et
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“he biochemical {indinge 1n this typically

include:

1. 7ypercalcenmiz,

2., Typophosphzteriz,

3. Mypercelcinuria.

4, TFypernhosnhoturia.

5. Incressed rlood phsrhatase,



The blood czlecium may reach as hih zs 30 mgs.,”, The blood
phosphorus usuzlly sversges around 1.5 to 3.0 mrs,  “There the

disezage is compliczteld by ur

n
3
[

mie due to rensl stones or cglceil-
fication of the rzrenchyma, the blood nhosnhorus wmev be increased

above normel levels. 1In cases of Recklinrhousen's dlsecse

]

where the inorganic phosphorus is eleveted hecsuse of renal

insufficiency, the prognosis is unfavorable,.

fsa]

The operative shock following rermovel of ohe tumor

often results in severe uremnisa, This ig nzriticularly true

e Y L3

hecan :is operstion is always followed by o few davs of

O]

&

1

olicuria due to the sudden decrezse in stimulstion toc the

1

kidpey because of the fall of perathyroid hormone in the blood.

Phosphotase liberstes inorcac-ic nhosnhorus from the

-

{

orgcanic compounds of the blood, and is present in =211 caces

where there is ranid proliferation of new bone. It vz

=

‘les
according to the extent of this activity.

In norme=l people seventy to ninety per cent of the

calcium excreted goes throurh the stools and only ten to

.

thirty »per cent through the urine; in osteitis fTitvrosa cystica
this relsationship is reversed. e anount of caleium in tre

N

urine veries with the blood level =nd with the “idnev function.
H=rasy shovs a generalized decalcification and fitrous
osteitis which may be more merked in some bones. There is
widening of the marrow space with thinnine of the cortex. Small
scalloped zreas in the cortex are seen where the bony chanres

are most extensive. Fibrous tissue proliferation in the

Faversian canals causes dilatetion of these tubules which is
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seen gs diffuse widening on the roentsenocrams. Ancular mal-
formations are caused by spontaneous fractures of thinned bhones.
In the terminal stages the deczlcification may hecomne so extreme
that it is well nigh impossible to obtzain satisfactory X-ray
pictureé. Parked reiuction in body lencth results from soften-
ine of the spine. Compression of the vertebral vodies by the
elastic intervertebral discs leads to the form=tion of bhicon-
cave vertebrae. The finding of cysts or . iznt cell tumors is
of ecreat aid in diagnosis, but in meny cases of even extensive
von Recklinchausen's disease these may be absent. The finding
of honeycombed giant cell tumors in the skull bones, upper or
lower jaw or zygomatic boﬁes is hichly sicnificant and may
occur when the general decelcification is only in the initial
stage. The skull may show gross-meshed trabeculation and
miliary areas of osteoporosis. TDecalcification of the hands
and fingers is usually seen,

Fiopsy of the diseased btone shows a generalized osteo-
clastic bone resorption with the formation of multiple “owship's
lacunae. This lecunar resorption is accompanied by an increase
of marrow and cortical fibrosis. In this proliferating fibrous
tissue the formation of new bone may tszke place zccounting for
the presence of osteoblasts and osteoid seams surroundinc the
remnants of the bone trabeculae. The osteoclsstic activity and
accunulations often result in the formetion of tynical giant
cell tumors. There is decalcification of the remnants of bone

trabeculae. The thinned bone trabeculze are of ten perforated

by the proliferating fibrous tissue.
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It must not be thought thet all cases of Reckling-
heusen's disease fit neatly into this pigture, as in all dis-
eases there are'many exceptions. Toyde renorts a case of 2
hynerplastic adenome of the parathyroid accompanied by a
~generalized decalcification of the skelefon with two patho-
logic fractures. However, the blood chenistry was nor?%}
except for an increase of plasma vhosphatase. Snavper also
reports = oése of parethyroid tumor with generalizes decalci-
fication of the bones and giant cell tumors with 2 blood calcium
of 16.3 mgs. and an inorganic phosphorus of 2.0 mgs., but the
urine calcium was far below the normal averagce on a test diet.
™is and other =ztypical cases he believes may be explained on
the basis of a secondary hypovitaminosis © superimvnosed on
Recklinghausen's disease. This may be on the basis of an in-
adequate diet, anorexia, poor absorption or an increased need
for vitamin D in the presence of bone changes and spontzneous
fractures. It has been suggested thot spontaneous loweriné of
the original hypercelcemia %o normal, as occasionally rerorted
in cases of Recklinghausen's disease, may be related to a super-
imposed hypovitaminosis D.

In considering the differential dizgnosis of von
Recklincheusen's disease, the characteristic biochemical syn-
drome is of gcreat help. ZEvery case of Recklinchausen's disease
depends on hyperparathyroidism and in other diseaseswith bone
changes simulating it such hyperfunction of the parathyroids

is not present. It is not usually permissible to disgnose

Recklinchausen's disease in a patient with extensive decalci-
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fication of the skeleton without the biochemical findings.
Conversely, where the typieal biochemical findings are present
with minimasl decaleification, hyperparathyroidism should be
diagnosed, Other important points to be considered in enter-
taining this diagnosis are the severe aching in the bones,
generalized osteitis fibrosa eystica with its characteristic
X-ray picture, frequently the presence of bilateral stones
and diminution of rensl function, fatigue, polyuria, and
occasionally muscular hypotonia.

Generalized decalcifying diseases of the bone which
must be considered in the differential diagnosis of osteitis
fibrosa cystica include: Paget's disease, multiple myeloma,
decalcification of the bones in hyperthyroidism, metastatic
carcinoma, lipoid gfanulomatosis of the bones, chronic renal
insufficiency, and osteomalacia. These disease processes, with
the exception of chronic renal insufficiency and metastatic
carcinoma, are going to be discussed in some detail and it will
be seen how the clinical picture, past history, X-ray, blood
chemistry, and biopsy aid in msking the differential diagnosis.

Chronie renal faiiure may be ruled out by kidney
function tests and by finding no renal stones or calcinosis
of the kidney by X-ray.

In metastatic bone carcinoma the differential diagnosis
is usually easy as the primary site is often known. Difficulties
may arise when there is an accompanying decalcification of the
skeleton. Then there is an increased phosphatase and calciunm,

but the phosphorus level seldom falls below normasl., In difficult
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cases a biopsy is advisable, Rarely the diagnosls may be most
difficult when there is secondary hyperplasis of the varathyroids

with the extensive malignent metastases.

V. DHyperplasia of the
Parethyroids Secondary to Cther Diseases

"he second tvne of parathyrold disesse wrhich 1s associ-
ated with bone changes and was for wnany ye=zrs inextricably bvound
up and confused with Recklinchausen's disease 1s the result of

9
parathyroid hyperplescia. As previously mentioned Zrdheim was

the first to helieve that hypervlasis of tre porzthyroids

esulted fron the decalcizlcatlon of the gkeleton.

Tn contrast to Recklinshausen's disesce all the para-
thyroids are hypertronhiel in this tryve of rzrothyroid disecse

znd elso in contrast to von Recklinghousen's disezase there are

1,

rmany instead of few mechanisns by which it is broushit about,

-

The hyprerplasia of the parathyroids and

T g nl
the inevessed mero-

thormone production result in a decalcificetion of thre odnly

I

e 0f Trdheimt'e oriod

3
3

keleton. (This is the conver
sis) In the child the hypernlasia interfereswith czlcificztion

of the srowing bone principally althou. * trers ic gome decalcei-

fication of the formed bone. In the z2dult, on the otrer »and,
the ricture 1s that of streichtforward decealeif tion. hen

there is & reteanticn of pnhosnborus, Srere is often 2 dencsition
of calciun phosphzte in the soft tiscsues.

“ynocalcermia cpnears to te the rechoenizy througsh which
this perathyroid hyrerrlasia is hrau;bt’:bout althouch Alkright

-/



thinks that the stiriulus is hypernhosvhatenia.

Txperimentally chickens kert away from ultraviolet

Py

rays or with avitaminosis D developr decalcification of the
19

bones and hyperrplasia of the rnarsthyroids. Cherling and Cuerin
YL ,e Y v {,

noted skeletal lesions and hyperplesiza of trhe rarzthyroids in

o]

chickens deprived of sunlight and calcium.

-

n patients with complete tiliesry fistule, impaired
intestinal zbsorption of fat and therolore failure of vitemin

T absorption results in thre elimination of ~reat quantities of
T2ts and fatty acids in the form of calciuwr salts. Thigs loss of
calcium may leéd to ultimate decalcification of the skeleton and
spontaneous fractures. The daily loss of alkali with the hile
riay result in acidosis which is another etiologic factor for
osteoporosis. There is experimental evidence that the rapidity
of decalcification may determine whether osteoporosis or
osteitis fibrosa cystica develcps.

In children and young adults cuffering from chronic
uremia there are extensive bone changes. Tost of these ratients
are suffering from congenital bileteral dilztetion of the ureter
and renal pelvis or conrenital hypoplasia of the kidneys. This
condition is known as renal osteodystrophy or renal hyrerpara-
thyroidism. In this condition there is marked renal failure
with increase of nonprotein nitrogen and acidosis, often
accompanying hyperphosphatemia. Calcification of the =arterial
walls is common, but hyvertension and retinal changes do not
occur.,

The bone lesions of these juvenile cases may result



-24~
in stunted growth, sometimes in true infantilism. The bone
lesions seen on X-ray and biopsy varj from those of rickets
to osteoporosis, which is a localized area of decalcification,
to osteitis fibrosa, which is a more generalized but patchy
decalcification with fibrosis. The similarity to rickets is
often striking since there is generalized decalcification
with swelling of the epiphyseal discs (hence the name renal
rickets). The epiphyseal lines tend to remain open even to
adult age. The X-ray picture of the skull in these cases is
usually woolly or motheaten and may ultimately resemble the
picture of Paget's disease.

There is reason to believe that different diets have
an important bearing on which type of lesion will develop.
Thus, Pappenheimerzo produced chronic uremia in young rats by
removing one kidney and cauterizing the other kidney. The
animals were given a low protein diet with adequate phosphorus.
Different calcium intekes were given various groups. In animals
with a very low caleium diet the boneé showed changes corres-
ponding to renal rickets. When slightly greater calcium was
gi#en,there was a combination of rickets and osteitis fibrosa.

There have been a few‘cases reported in adults simi-~
lar to renal rickets in children, but it must be remembered
that the bone changes develop more easily in the growing
skeleton of children. |

Today it is believed that renal failure must be of

long duration and that it must cause acidosis before there will

be hyperplasia of the parathyroids.
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Jacobs has reported the interesting occurrence of
two cases of Juvenile hypnerthyroidism showing osteoldystrophia
firrosa cystica with diffuse osteoporosis complicated by
pethologic fractures. OCne case was opneratei on with a diagnosis
of nodular parenchymztous hyperplasia of the thyroid gland and
is well three years after thyroidectomy, wherezs the other was
unoverated and is still toxic showing osteoporosis and.patho-
logic fractures from time to time,

"yperthyroidism is rare in the adolescent. The
relationship between thyrotoxicosis aﬁs osteoporosis was first
recorded by von Recklinghausen in 1891, In 1928 Plummer and
Dunlapsq recorded that "the rate of calcium excretion wes
directly prﬁportional to the height of the basal metabolic
rate."

In evaluating the condition of a patient with para-
thyrbid hypverplasie clinically, an understandinc and analysis
of the various complicatel mechanism hy which this condition
is brought about is essential,

The biochemical picture is of crest importance. 1In
this condition the serum calcium may te depresser, normel, or
sli¢htly elevated, but it will never show the hich level found
in Recklinghausen's disease. On an adequate diet the serum
phosphorus will be elevated; on a markedly deficient diet it
may be normal. There are often acidosis and hyperphosphatemia
with hyperplasia of the parathyroids. Tirine phosphorus and
calcium are low. The excretion of calcium and phosphates in

the feces i1s greatly increased.

The presence of congenital renzl anomalies, especially
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in children, is indicative of this condition. The past history
ie not of much help in differentiating between von Reckling-
hausen's disease and hyerplasia of the parsthyroids. These
patients do not respond to the administration of vitamin T,
Vitamin © is unsble to stem the loss of phosrhetes 2nd cal-
cium throusrh the intestinal trect. In childrern failure of

closure of the evinhyseal lines with vproliferation of cartilage

in the epinhyseal discs is found.

VI. Osteomalacia and Fetal Rickets

Csteomalacia and fetal rickets have the same eﬁiolog -
lack of cslcium or hyvovitaminosis D. The latter mav te due
to dietary insufficiency or lack of exposure to the sun's rays
which converts the provitamin (7 dehydrocholesterol) in the
ekin into vitemin D. This disease is not often seen in this
country but is common in India and the Crient where dairy
products 4o not form one of the dietary stanles. COsteomalacia
is most common in women who heve had rapid successive pre-nancies
with loss of calcium to the growing fetus, throuch lactation,
and indoor 1life.

The offspring of osteomalacic mothers =re nredisposed
to rickets and may even at birth show evidences of the disease.
Treast feeiing of such an infant by 2 mother alrezdy inade-
gquately supplied with calcium zg revates the situztion.
Infantile rickets usually occurs before three years of ace,

Althouegh fetal rickets and osteomaslacia ere fundamentally the
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the szne process, the ricture differs hrecouce of tre vrowth

]

factor. The resorrntion of trabecular bone in crildren is

!

followed by the forwetion of fetal firer bone derives fron
fibtrous tissue. The decelcificetion 1s o

ne adult the Tormeition of fiber hone Fordly ever vccurs ond

cl

thus renlacerent of the decalecified tone 1g only 11 ited, znd
the osteomzlacic process is the outstondin: ricture. Tre
administretion of czleiur: without vitaimir seemg to hzve little
effect on the Sisease, wheress vitawin 7 alune gnrears bo hring
about retter utilization of celciur; the zdministrotion of
vitamin D and calclun ive Tthe Tess results.

These ratients show a l.w serur cocleivn, o normal or
slishtly lowered¢ cerum rhosphorus; phosphstase is low or ahsent
in adults with osteomalacia, tut is elevzted in Tetal rickets.
Trine ceglcium and phqsphorus zre low or =zbsent.

‘rie chief comvlaint of natients with osteomzlacis
is pain in the bones and general malcise. In severe c=ses
tetany may occur. Fables with rickets show swellinc of the
joints and¢ delay in closure of the sutures.

o
i

'he ¥=ray piciture of osteomzlezcic srows = ceperalized

1

decalcification of the entire skeleton wrich ie rmost extensive
in the pelvis, thorax, and extremities. ITwventuzlly the losg of
calcium may be so extensive that setisfactory Y-rovs cannot be
obtzined. The characteristic deformivy of the pnelvis consists
of an increaced convexity of the sacrurn, nmzrked narrowing of the

outlet and “eformetion of the pelvis producinge 2 wedge-shaped

pelvis. The pelvis may become merkedly asyrmetric.
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It must be z2dmitted that osteomalacis rerely produces
cysts of the bone althoush occasionally it does. It should
probably not be considered a cystic disease of thre bone, but it
ig included here to complete the picture of narathyroid Jisease.

In rickets occurring =t a later ece the clinicel signs
include rapid faticue and difficulty in mounting stairs; the
ralt becomes stiff and there are pains in the back and hins.

The enivhvses hecome tender and swollen; this is most marked in
the tibia, redius, and ulna. Swellin: of the costochondral
junctions produces the rachitic roszry. ''here mey be enu
valgun or kyphoscoliosis. Signs of infantilism and hypogenitalism
are Trequent. Adductor spasm is probably a reflex mechanism due
to thevpain caused by abduction. Tetany may occur.

The outstendings finding by l-rzy is delsv in cazlci-
fication of the epiphyses. In extreme ceses there is no ossgsi-
fication at the aze of twenty years. The erinhvses are
abnormally hrozd. The diaphysis is not shaerply sepnsr=ted from
the epiphysis tut its edre is frayed znd irregular. The pro-
lifersting cartilage penetrates deeply into the diaphysis causing
cupping of its end. The cortex of the bone is proor in calcium
and atrophic. The bone is less sharply demarcated than ususl due
to a broadenines of the osteoid tissue sround tre trateculation,

‘““hen healings in rickets occurs, czlcification takes place
where the original vrevparatory calcifTication zone wes situated.
The calcification zone often lies in the wmiddle of the hyner-
trophied epiphysis. These calcification lines cre vermanent

and are always indicative of healed rickets.
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VII. Albright's Syndrome

In 1937 Albright et alzs described a new syndrome
consisting of a characteristic multifocal fibrous dysplasia of
the bone associsted with pigmented areas in the skin and endo-
crine disturbances causing sexual precocity in the female. 1In
1938 Albright, Scoville, and Sulkowitchz4 reported cases of
sexual precocity in the male with this syndrome.

The etiology of this bizarre syndrome has not yet
been determined. In their original paper Albright et al sug-
gested that the distributiop of the cutaneous and bone lesions
might be due to an embryologic or neurologic disturbance. It
has been noted that the cutaneous and bone lesions tend to occur
in the same dermatome. Albright felt that an embryologic eti-
ology would be more likely if the pigmentation were due solely
to melanoblasts of mesodermal origin. Then an embryologiec
defect in a sclerotome could be associated with both the cuta-
neous and bone lesions. The distribution of the pigmented
areas 1s such as to suggest a mesodermal origin, but the histo-
logic evidence indicates that most of the melanoblasts are of
ectoéermal origin. This would require an embryologic distur-~
bance affecting both ectoderm and mesoderm. The tendency for
the diseased bones to be smaller than the rest of the bones
suggests a ceonnection with Ollier's disease as this is one of
the characteristics of that condition.

As a possible explanation of the precocidus puberty

Albright suggested the following: The follicle-stimulating
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hormone stimulates precocious puberty in the female but the
luteinizing hormone causes it in males. It is possible that
girls reach puberty before boys because follicle-stimulatingg5
production starts before that of luteinizing hormone. Smith
has shown that the gonad~-stimulating hormones are present in
the anterior pituitary before birth., Therefore, the onset of
puberty is not dug to the onset of the production of these
hormones., Some other meehanism must come into play, possibly
a releasing mechanism, There is some evidence that this
mechanism may be connected with nerve impulses. The fact that
the rabbit usually ovulates only after coitus suggests a nerve
mechanism for the rélease of pituitary hormones. TFurthermore,
the faigsthat the only two patients in Albright's original
series who became preghant both had twins, he believed to
throw additional weight behind this theory since an excess of
follicle~-stimulating Hormones causes multiple follicles to
ripen in the ovary.

' In a later paper Albright24 considered that the pre-~
cocity seen in this syndrome might be due to a central nervous
system lesion rather thaﬁ to a primary lesion of the endoerine
system. Ford and Gu.ildgi5 had recently called attention to pre-
coolous puberty in girls following injuries involving the region
of the hypothalamus. They reported two cases in which measles
éncaphalitis was followed by precocious puberty in girls and
one caseé in which epidemic encephalitis was followed by pre-

coeious puberty in a boy. They stated that not a "single case

has yet been described in which precocious sexual development
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has been definitely connected with hypophyseal tumors of any
~type." They also cited evidence that the precocious puberty
seen in cases of pineal tumors is due to the involvement of
the walls of the third ventricle and hypothalamus by tumor,
not to a hormone produced by the tumor or to destruction of
the pineal by tumor.

Clinically the disease ocours in complete and incom-
plete form. It is a disease of childhood.and appears to be
self~limiting in that the active phase probably.terminates
simultaneously with the premature fusion of the epiphyses.
Nearly all victims of the complete type develop symptoms before
the age of ten. In the incomplete form patients may be thirty,
forty or older before clinical manifestations appear. There is
no evidence that the disease is hereditary; in no case have
other members of the family been affected.

Symptoms referable to the bony lesions, such as
pathologic fractures or skeletal deformities, usually are
first noted. These may be apparent as early as the first and
second years and are almost always present by the tenth year.
Occasionally in the female irregular menstrual bleeding is the
presenting symptom. Although it has been noted as early as
the first year of life, its onset ié usually delayed until
after the appearance of bony symptoms. The quiescent phase
is slowly reached when the epiphyses unite with the shafts.
Most cases come under observation when the symptoms are well
advanced, but in four casesg? followed from infancy because

of ieterus gravis neonatorum, the early stages of the bony
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lesions and the appearance of cutaneous pigmentation were both
observed. The active phase of the disease does not lead to a
fatal termination and the only deaths recorded have been from
intercurrent causes, but it tends to leave the patient with
skeletal deformities which sometimes cripple her activities.

The skeletel abnormalitiss are spotty in distribution
and consist of multiplé localized lesions with normal bone
elsewhere. The lesions in many cases show a tendency to be
unilateral in that they group themselves in one digit or one
extremity. There is no generalized decalcification as in hyper-
parathyroidism. The most frequently seen individual lesion is
an area of rarefaction simulating a cyst. By X-ray it is
impossible to differentiate a bone cyst filled with fluid and
an area of bone destruction filled with fibrous tissue. These
cysts vary markedly in size, shape, and density. Some may be
sharply defined with definite margins, while the majority fade
out gradually into normsl bone. Both membranous boné and ear-
tilaginous bones may be involved, but lesions in the long bones
differ in form from those in the bones of the skull, There are
multiple areas of fibrous dysplasia which start in the marrow
spaces and gradually expand. They originete in the diaphysis
but not in the epiphysis. The original bony architecture is
absorbed and circumscribed areas of rarefaction become visible
in the X-ray. Fresh bone may be irregulerly deposited in these
areas. The cortex is thinned by continuous growth from within
and the bone weakened until finally the whole shaft may be

expanded. In the absence of trauma the progressive lesion is
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peainless. ©Skeletal deformities are apt to follow union of
pathologic fractures and tend to become more disabling as
further fractures occur. Coxa vara is the commonest deformity,
but genu valgum and kyphoscoliosis are also frequent, Deform-
ities may be produced also by slow bending of softened bone
without actual fracture. The femora are apparently invariably
attacked, one or both being involved in all the published cases;
they are affected more severely than other bones.

The changes in the skull differ in form from those in
the long bones although the essential pathologic process 1is
probably similer., The commonest change is an involvement of the
fece and base of the skull in a seclerotic overgrowth, This
change, if present in the bones of the face, is usually uni-~
lateral and imparts a gross asymmetry. The eyeball on the
affected side tends to proptosis. The sclerotic process in the
base of the skull may press on the cranial nerves, especially
the optic nerve, with resultant visual disturb&nce. The bones
of the vault of the skull mﬁy also be involved in a patehy and
irregular thickening resembling in X-ray pictures the appearance
of Paget's disease.

Skeletal precocity ocours with greater frequency than
sexual precocity and is common to both sexes. The skeletal pre-
coelty is generalized and is not confined to those bones which

show radioclogic evidence of fibrous dysplasia. The precocious

development of the epiphyses may be associated in the early
stages with rapid growth of the skeleton so that the child is

often large for its age. As epiphyseal union also is accelerated,
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growth ceases prematurely so that the adult patient does not
become a giant. These bony changes point to an endocrine
origin as they affect all bones uniformly.

The menses are irregular and scanty at first, but
soon afterward the secondary sexual characteristics are normal
in type, remaining essentially feminine and showing no tendency
to virile features. Possibly an analagous development takes
place in the internal generative organs as McCune and Bruch28
observed an unusually enlarged uterus in their patient when
four and a half years o0ld. The urinéry excretion of gonedo-
tropic and estrogenic hormones has been studieé:in a fair num-
ber of cases by different investigators, but no significant
elevation of these hormones has been reported. Exploration of
the adrenals and ovaries was undertaken in one casgsbut no
abnormality was found. Ovariean tumors have not been palpable.

It is of interest that, although intellectual pre-
cocity has been observed in cases of precocious puberty from
other causes it has not been observed in this disease in either
gex,

Nodular or diffuse enlargement of the thyroid gland
has been noted in a number of cases. Its frequency would
indicate that 1t is more than an accidental association. Some
of these cases have been accompanied by elevated basal metabolic
rates,

Aside from enlargement of the bones of the face,

coarseness of facial expression, slight prognathism, other

signs of acromegely, such as enlargement of the pulp of the
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fingers and grooving of the tongue have been absent. There
has been no gigantism,

The cutaneous pigmentation generally has not been
noted until after the appearance of other symptoms., It has
varied from multiplé large disfiguring areas to small incon-
spicuous foel, The affected regions are light brown, not
elevated, and retain their normal texture. The most frequent
sites of location are the lower lumbar region, the buttocks,
and the thighs. There is no correlation between the amount of
pigmentation and the extent of the bony dystrophy.

The neurological symptdms associated with leontiasis
ossea have been explained on the bésis of compression of the
cranial nerves and other structures by bony overgrowth, The
common symptoms noted have been visual deterioration, anosmia,
and deafness. A similar mechanism involving the vertebral
column may explain the alterations in the abdominal and cre-
mesteric reflexes asgzciated with impaired cutaneous sensibility
reported by Albright.

Mioroscopicaily the bone lesions show fibrous dys-~
plasis with a few osteoclasts. Skin bilopsy shows melanin in
the melanoblasts of the epidermis and corium. The amount of
. plgmentation varies roughly with the degree of involvement of
the skeleton. When the bone disease is unilateral or almost
unilateral, the pigment tends to be unilateral or almost so and
on the same side as the bone disease.

Calcium and phosphorus determinations in this disease

are usually within normal limits. Occasionally confusion may
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be caused by a blood calcium abqve 11.0 mgs. and a phosphorus
below 3.0 mgs. The serum phosphatase is usually raised.

Albright's syndrome has often been confused with
Recklinghausen's disease. The X-ray picture of the long
bones may simulate the lesions of hyperparathyroidism, but the
polycystic appearance of the femur in Albright's disease is
distinctive. The involvement of the skull in Albright's
syndrome is quite different from that due to hyperparathyroid-
ism, Patients with Albright's disease give a history of skel-
etal abnormality in childhood; hyperparathyroidism is usually
active in adult life. Furthermore, the normal blood and urine
findings, the pigment spots, and sexual precocity should neg-
ate a diagnosis of hyperparathyroidism. Paget's disease sim-
ulates the same X-ray picture as Albright's; however, it
occurs later in life and biopsies tend to disprove it by
failure to find the characteristic mosaic pattern. Ollier's
disease 1s never associated with precocious puberty or pig-
mented spois. Xanthomatosis 1s another differential diagnosis,'
but the finding of a normasl blood lipoid pattern and the

absence of foam cells on biopsy are against it.

VIII. Xanthomatosis

There are three diseases usually ineluded under the

xanthomatous diseases--Hand-Schuller-Christian's disease, Caucher's




B

disease, and Niemann-Pick's disease. Hand~Schfiller-Christiean's
disease is the most important of the three; the other two are
very rarely seen.

The syndrome known as Hand-Schiiller-Christian's disease
is characterized by: 1. Multiple round defects in the skull;
2. Exophthalmos which is often bilateral; 3. Diabetes insipidus;
4. Other pituitary signs, especlially infantilism.
The first case of this synqrome was published in 1893
by Handzg who geve a correct description of the clinical syn-.
drome together with the gross pathology found at autopsy. Hand
believed that the yellow spots in the vault of the skull were
caused by tuberculosis. SchallerE“Lgain described the syndrome
in 1915 and explained the symptoms on the basis of pituitary
dysfuncetion. In 1919 Christiant published a monograph on the
subject, Rowland 5 in 1928 demonstrated that the manifestations
of Hend-Schfiller-Christian's disease consists of a proliferation
of fibrous tissue with nests of foam or xanthoma cells in it.
These foam cells are filled with cholesterol esters. Chestafs
observed that the main lesion consists of proliferating reticulo-
endothelial celis and histiocytes., In addition, there are also
signs of inflammation. Many of the histiocytes take up choles-
terol esters and afe thereby transformed into xanthoma cells.

The lipoid granuloma proliferates in the skull and
causes areas of bone resorption. Furthermore, it attacks the
orbit and the retro-orbital localization causes exophthalmos.
Finally, involvement of fhe hypophysis and the neighboring

centers by the lipoid granuloma may be followed by diabetes
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insipidus 6r by infantilism, sometimes also by dystrophia
adipsogenitalis. Oecasionally the granuloma grows in the
mandible causing progressive loosening and falling out of
the teeth. Localization of the granuloma in the middle ear
mey result in otitis media and even meningitis. The disease
may also attack other bones Qnd in some instances the skin and
different parenchymatous orgens are affected. The disease is
often fatal. On the other hand, it is certain that the disease
is not always incurable as several cases are known in which
the bone lesions have disappeared spontaneously.

Involvement of the lungs mey cause an obliteration
of a large number of the pulmonary capillaries which later
results in dyspnea and right heart failure. Localization in
the aorta and walls of ma jor blood vessels often accounts for
the extensive arteriosclerosis which is reported in these
patients. The lipoid granuloma is also found in the mucous
membranes and especlally where there is connective tissue,
suéh as tendon sheaths, fasei&, periosteum, peritoneum, pleura,
and dura. When the lesions are fouﬁd in the internal organs,
they are less in the skin and vice versa, and when more in
one organ, they are less in another.

In the typical fully developed cases the most strik-
ing findings are bone defects which mey appear in any part of
the skeleton but are located particularly in the skull. They
vary in size and shape and are filled by yellow granulomatous
tissue which originates in the dure or periosteum. The lipoid

granuloma occurs particularly at the base of the breain surround-
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ing and sometimes raising the hypophysis out of the sella
turcica, invading the orbits, accessory sinuses, and mastoid
cells., In the advanced stage of the disease the granulomatous
tissue becomes firm and fibrous and may lose its bright color.
Occasionally cysts develop, generally in relation to the bone
defects and these contain yellowish or reddish semifluid mate-
rial.

Theré is a high inecidence of anomalies in patients
with Hand-Schfiller-Christian's disease. These include blue
sclerese, embryonal lobing of the kidneys, defective vena cava,
’cryptorchidiém, clubfeet, supernumerary teeth, ete.

The onset of this disease often oceurs during the
second, third or fourth years following one of the infectious
diseases of childhood. Convalescence seems prolonged; there
is increased irritability, excessive thirst, exophthalmos,
sore mouth with loose teeth or vague pains. There may be é
limp or postural defect or cyst-like swelling on the head or
body. ZExemination reveals defects in the bone. The disesase
progresses slowly and irregularly. There may be periods of
unexplained fever. The skin becomes pale, often with a yellow
tint, dry and scaly, or there may be a fine papular eruption
on various parts of the body. The spleen, liver, and lymph
nodes may be enlarged. Growth is arrested and emaciation is
present. The c¢hild becomes dyspneic and cyanotic or pale and
anemic, The heart may dilate a little. Death often occurs
in two to four years from respiratory or cardiac complications

or severe anemia,
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In other, more protracted cases there may be few
symptoms at first. Growth is retarded, however., DBone defects
may grow smaller and disappear during remissions. Exophthalmos,
polyuria, and polydipsia also lessen during remissions. In
the prepubital years the child may grow fat with the appearance
of dystrophia adiposogenitalis.or pituitary hypogenitalism with
signs of mental retardation. These patients may live into the
second or third decade.

Adult cases may take the form of Simmonds disease
or acromegaly with lipemia and glycosuria. The bony changes
in the adult are more often of the acromegalic type. The
diabetes insipidus may persist and a mild atypical form of
diabetes mellitus may develop.

In certain rare forms the skin lesions may dominate
the picture. 1In childhood the lesions are scattered over the
body; in the adult they are more typically seen on the eyelids,
face, ears, and hands. Glycosuria and icterus are frequently
seen in adults with this disease; rarely are children so
affected. Pain in the head, hips, neck or back may be noted
and palpation may reveal areas of tenderness and bony abnor-
malities. This pain is rarely severe. Occasionally fractures
oceur,

The most important diagnostic feature on microscopic
examination is the typical foam cell. This cell varies in diam-
eter from twenty to forty microns or more. It has a large
amount of cytoplasm and one or two small nuclei. In the fresh

state the cytoplasm is filled with smell droplets of a fatty
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substance. The nuclei are small with a finely granular chrom-
atin structure. Sometimes the cells are fused into foam
cells with twenty or more nuclei. Frequently typical foreign
body glant cells are seen, At first the yellow tissue is com~
posed almost entirely of foam cells, but later leukocytes,
lymphocytes, and plasma cells appear. In the older lesions
there is connective tissue proliferation. When the fibrosis
is advanced, the foam cells degenerate and lipid is freed in
the tissues, cholesterol crystal formation and cholesterol
clefts are then seen., The fibroblastic cells are increased in
number and lie in twisted bundles giving a scirrhous appearance
to the tissue. In very old lesions there are few foam cells
and many eosinophils. Many of the glandular organs show ococa-
sional clumps of foam cells in the connective tissue around
the small blood vessels. In the bone marrow there are
scattered islands and small elumps of foam cells and many
fereign body giant cells. The bone trabeculae are eroded and
in many places the rarefaction of bone extends through the
spongiosa and cortex produeing bone defects. The foam cells
are thought to originate from reticulum, vessel endothelium,
and from the histiocytes of the perivascular connective tissue.

Meny people believe that this disease is primarily
a disturbance of cholesterol meteabolism., However, in recent
years there has been some difference of opinion. The lesion
consists essentlally of granulation tissue, partly of inflam-
matory origin, in which large numbers of xanthoma cellslare

34 35 36
found., Ceelen, Watgen , Gerstel , and others feel that
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Hand-Schiller-Christian's disease starts with the development
of a granulomas in which only afterwards cholesterol esters may
or may not be deposited. The primary process, therefore, 1is
believed to be the formation of xanthomatous tissue in which
there is a secondary infiltration with cholesterol esters.
There are certain points which seem to favor this opinion:
Most patients with tuberous xanthomatosis of the skin show
marked hypercholesterolemia, whereas in Hand-Schilller-
Christian's disease, it is only occasionally high. Secondly,
in genuine xanthomatosis of the skin with marked hypercholes-
terolemia the bone marrow is usually completely devoid of
xanthoma cells. Thannhausersv feels that the cholesterol
esters in the foam cells afe the result of faulty metabolism
of cholesterol within the cells. If it is assumed that Fand-
Schfiller-Christian's disease consists primarily in the form-
ation qf granulomatous tissue with secondary cholesterol
deposition, then cases must.occur with a pure granulomatous
proliferation without secondary precipitation of cholesterol
esters. These caseé may be synonymous with Siewe~Letterer's
syndrome.

Some people believe that the etiology of Hand-
Schfiller-Christien's disease is to be found in a disturbance
of the total 1lipid metabolism, As evidence of this they
cite the fact that in many ocases the blood cholesterol is
within normel limits, but if determinations of all the blood

lipids are mede, a disproportion will be uncovered.

Cases of this disease occur in which the cranio-
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hypophyseal localizations of lipoid granuloma are not present
but in which the lipoid granulomatosis is situated in the rest
of the skeleton only. In these cases the dlagnosis is then
missed.

Hend-Schfiller-Christian's disease is often confused.
with Recklinghausen's disease. The biochemical picture in
Recklinghausen's disease ;s not seen in Hand-Schuller-
Christian's diseése, where the blood and urine phosphorus
and calcium are normal and the phosphatase 1is not elevated.
Slight hypercholesterolemia may be found in Hand-Schfiller-
Christian's disease and when present is helpful. The X-ray
plocture of Recklinghausen's diseése shows a generalized fibro-
cystié degeneration of the skeleton in which the cortex of all
the bones is affected. In lipoild granulomatosis multiple
bone lesions resembling bone eysts or giant cell tumors are
seen, but the unaffected portion of the skeleton is completely
normal. Recklinghausen's disease occurs more frequently in
adults, Hand-Schfiller-Christian's disease in c¢hildren. Pain
may be an outstanding complaint in‘Recklinghausen's disease,
whereas in lipoid granulomstosis 1t 1s less severe or absent.
The biopsy specimen in old heeled lesions of Hand-Schiller-
Christian's disease may be fery similar to that ih hyperpara-
thyroidism, but specimens from recent lesions will show the
presence of xanthoma cells. On heating unstained microscopic
sections in Hand~Schfiller-Christian's disease doubly refractive
drops will be formed which can be recognized under the polar-

ization microscope.
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The finding of bone defects, exophthalmos, diabetes
insipidus, swollen tender gums and loose teeth or dwarfism
should suggest the diagnosis of xanthomatosis. In less typical
cases symptoms referable to the liver, spleen, lymph nodes,
respiratory, cardiac, renal, nervous or-endocrine systens
may be the only manifestations. The X-ray is of great impor-
tance in diagnosing this condition. The bone defects are
chiefly in the membranous bones. Irregular defects with
sharply defined edges and a normal appearance in the surround-
ing bone are indicative of this affection. In the skull the
inner table is especially involved. No other disease shows
such extensive destruction of the cranial and facial bones,

In the long bones the destruetion is frequently at the distal
end of the bone, the epiphysis not being involved.

IX. Fosinophilic Granuloma

Closely allied to Hand~Schfiller-Christian's disease
and perhaps an incipient form of it is the so-called eosino-
philic granuloma, The first reference to this pathologic
entity in the literature ococurs in 1929. Since then there
have been many references to it. Unnecessary and extensive
surgery has been done in this condition because of a mistaken
diagnosis. Most cases undergo spontaneous healing.

| The ma jority of cases have occurred in patients under
twenty-one. The skull was most frequently involved in these

patients, next in turn were the frontal bone, the long bones,
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the ribs, and scapula. In about half of the cases pain was
a prominent symptom. The duration of the lesions varied from
ten days to two months., The X~rays were commonly interpreted
as suggestive of either osteomyelitis or tumor. In about half
the cases the white count showed an eosinophilia between
four and eleven per cent. There has been one report of
eosinophilic infiltration of a lymph node near the leslon;
in another case the sternal marrow showed increase in eosino-
phils.

Grossly the biopsy material was soft, cellular,
yellow-brown, grgg-white or gray-pink. ‘

Farber has reported four instances of solitary
bone lesions of this type which have become multiple later
on. FarberSB and Cross and J’acox39 believe that the solitary
eosinophilic granuloma and Hand-Sch@tller-Christien's disease
are different stages of the same disease, Both conditions
show destruction and replacement of normal tissues by granu-
lomatous tissue in which endothelial cells predominate. The
latter may contain lipoid. ZEosinophilic leukocytes are common
to the lesions of both cases. In twenty-nine of eighty-four
cases of H%nd-Schuller-Christian's disease analyzed by Cross
and Jacox3 they noted eosinophils. Insufficient data is
available for reporting the presence of hypercholesterolemia
in cases of eosinophilic granuloma. Since no autopsies have
been performed on cases of eosgsinophilic granuloma nothing can

be said about visceral involvement in this condition. In

both conditions there are various stages of healing with the
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production of osteoid tissue, and bone mey be encountered.
The radiologic appearance of the osseous defects in Hand-
Schtiller~Christian's disease is very similar to that of
eosinophilie granuloma. As in Hand-Schdller-Christian's
disease the lesion of eosinophilic granuloma may progress
spontaneously or with irradiation. All reported cases of
eosinophilie granuloma have recovered in contrast to the
thirty per cent mortality with Hand-Schiller-Christian's
disease.

Letterer-Siewe's disease is another disease entity
which seems related to Hand-Schflller-Christian's disease and
eosinophilic granuloma. Letterer-Siewe's disease affects
infants and children predominantly and is nearly always fatal.
On X-ray examination the osseous lesions of this disease are
identical with thosé of Hand-Schtller-Christian's disease.
Histologically the lesions are usually devoid of lipoid, but
cases have been reported where small amounts of lipoid were
present in the reticulo-endothelial cells.

Wallgren and Glanzmann4o look upon Fand-Schuller-
Christian's disease as the chronic form and upon Letterer-
Siewe's disease as the acute form of reticulo-endotheliosis.
The paucity of lipold in Letterer-Siewe's disease is explained
on the basis of its rapid course, and, as already stated, some
investigators regard eosinophilic granuloma as an inecipient

form of Hand=-Schuller-Christian's diseass.
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X. Gaucher's Disease

Another rare form of xanthomatosis 1is Gaucher's
disease which is‘characterized by an infiltration of reticulum
cells and histiocytes in the spleen, liver, and bone marrow
by kerasin, a nitrogen-containing lipoid. In spite of the
enormous size of the liver and spleen, their function remains
good for a surprisingly long time. In adults the disease
follows a slowly progressive course; in infants and children,
however, the course is rapid and malignant. |

Pinguecula, a brownish thickening of the subeconjunc-
tival fibrous tissue, 1s sometimes seen in older individuals.
A pigmentation of the skin, thought by some t0o be hemochrom-
atosis, is sometimes observed. As in other disease with
splenomegaly--anemia, leukopenia, and thrombocytopenia may
oceur. As a result of the thromboeytopenia, epistaxis and
bleeding gums are seen. Melena is sometimes observed. The
internal lymph nodes, in contrast to the peripheral nodes,
are commonly enlarged and brown. Gaucher's disease is

familial, often several individuals of one generation being

- so affected, but occasionally successive generations suffer

from it.
The typical Gaucher's cell is large and wrinkled with
a small, eccentric, pyknotic nucleus. Often mulitinucleated
cells are found., These cells may also invade the lungs,
kidneys, and bone.
The bone lesions when visualized by X-ray show

swelling, decalcification, and change of structure. The femur
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is most frequently involved and shows a swollen, bottle-~
shaped appearance. The cortex may be eroded by the prolif-
erating CGaucher cells. Other bones may also be affected.
Vertebral lesions may lead to gibbus formation. Swelling
and tenderness of the bones may be a major complaint.

The diagnosis of Gaucher's disease should bte enter-
tained in a patient with the above clinical picture. The
finding of splenomegaly in other members of the family 1s
elso a helpful point. Finally, punch biopsy of thg liver or
spleen will usually reveal the typical Gaucher cells. The
presence of typical Geaucher's cells is the only positive
proof of Gaucher's disease. If there is a hemorrhagic tend-

ency, sternal puncture should be tried instead.

XTI, Niemann-Pick's Disease

This disease was at first confused with Gaucher's
disease. It is femilial but not hereditary. Most cases have
oceurred in female Jewish c¢hildren., The disease begins in
infancy and is usually fatal within a few months. There is
rapid enlargement of the spleen and liver with anemia and
general wasting. Changes in the central nervous system
indistinguishable from amaurotic family idioecy occur, and
in a few cases the typlical changes in the retina have been
seen.

Differentiation from Gaucher's disease can be made
| with certeinty only by splenectomy, splenic puncture or biopsy
of one of the iymph nodes which shows the typical cells. The
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typical Niemann-Pick cells are found in greatest numbers in
the spleen, liver, lymph nodes, and bone marrow, but they
are also present in nearly every organ of the body and in
the blood. These cells contain large vacuoles in which lipid
material can be easily stained. Similar vacuoles occur in the
parenchymal cells of various organs. They have also been
noted in the monocytes and lymphocytes of the blood. Special
staining reveals that the stored substance in these cells is
predominantly a phosphatide lipid, lecithin. In some cases
an elevation of the blood lipids has béen found. '

XIT. Multiple Myeloma

41
In 1873 Rustitzky descoribed multiple tumors of the

bones consisting of proliferating bone marrow elements which
may erode the cortex and ultimately perforate the bones and
spread to the ad joining tissues., The latter happening, how-
ever, 1s rare. In71899.Kahler4a described a syndrome consist-
ing of: 1., Deformation and abnormal fragility of the bones;
2. Bone pains; 3. Cachexia; 4. Presence of Bence-Jones
protein in the urine. When this syndrome was present, multiple
myelomas were found at autopsy. In the majority of cases
multiple myelomes consist of proliferating plasma cells, but
occasionally they are myelocytomas or erythroblastomas.
Multiple myelomas occur most commonly in the spine
and ribs, secondly in the femora eand skull, and thirdly in

the clavicles and humerus. Due to thinning of the cortex,

pathologic fracture is a common early symptom., Pain is also
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a presenting symptom, There may or may not be swelling over
the involved area. Swelling is then seen when the myeloma
occurs in the ribs. Radiculitis is a very common symptom since
the frequent involvement of the vertebrae results in vertebral
collapse and compression of the spinal cord.

Sternal marrow puncture is one of the best diagnostie
measures for multiple myeloma. The sternal marrow is almost
always affected in these cases. Wintrobg3 has pointed out
that the plasma cells of myelomas differ from ordinary plasma
cells in that the chromatin of the nuclei does not show the
characteristic wheelsPQKe arrangement and the perinuclear clear
areas are rarely seen.

Multiple myeloma may occur without X~-ray evidence in
the skull. On roentgenogram the lesions are comparable to those
produced by metastases of malignant tumors, Hand-Schiller-
Christian's disease, reticulo=endotheliosis, and osteomalacis.
In some cases of multiple myeloma no typical lesions of decal-
cification are found in any of the bones. The only lesion may
be =& generalized decalcification.

Bence~Jones protein is an abnormal protein formed in
the body in certain bone diseases. It is highly indicative of
multiple meyloma. Magnus Levy44 belleves that part of the serum
protein is formed in the bone marrow; as the result of prolifer~
ation of the tumor cells,an sbnormal protein is produced which
is secreted in the urine. Bence-Jones protein forms a pre-
cipitate when it is heated to 50-56° C., which disappears just
before boiling occurs to reappear on cooling. It may be difficult
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to demonstrate the preéence of this protein when albumin and
globulin also appear in the urine. Renal failure frequently
occurs in the terminal picture of Kahler's disease. It is
thought that the renal damege follows the precipitation of
Bence~Jones protein in the tubules which ultimately leads to
a hydronephrotic contracted kidney and to renal failure.

The blood total protein is increased in multiple
myeloma, This is due to an increase in the globulin fraction.
During the cachectic perieds there is a diminution of the plasma
protein, but even so it is still often inereased. Marked in- f‘
crease in serum globulin is found only in llver cirrhosis, wﬁmﬁélé
endocarditis, Schaumann-Besnier-Boeck's disease, kalar azar,
and multiple meyloma. This elevation of the serum globulin
gives positive Takata Ara and formbl~gel reactions,

Amyloid is also frequently observed in multiple
myeloma. Large deposits are often found in the joint capsules
and the kidneys, sometimes in the intestines. The amyloild
degeneration in the joint capsules may explain the frequent
occurrence of joint pains and restriction of joint movements
in patients with Kahler's disease.

Where there is rapid decalcification of the skeleton
with this disease, hypercalcemia and hypercalcinuria have been
noted. In contrast to hyperparathyroidism, however, the phos-
phorus is hardly ever decreased and mey rise when renal failure
supervenees. The phosphatase values are normal or slightly

elevated,
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Calcium metastases do occur in this disease, chiefly
in the kidneys, lungs, and gastric mucosa, Occasionally hyper-
plasia of the parathyroids results from calcinosis of the
kidneys.

In a small minority of cases there is a slight inecrease
of the plasma cell content of the peripheral blood and sometimes
there are a few myelocytes. A few cases of multiple myeloma
have shown the picture of plesma cell leukemia.

In the diagnosis of this condition, the following
points are helpful in differentiating it from other conditions:
abnormal fragility of the bones and bone pain, cachexia, the
X-ray picture, the finding of Bence-Jones protein, the blood
chemistry, and occasionally the presence of plasma cells in the

peripheral blood.

X11I. Paget's Disease

45
In 1876 Paget described osteitis deformans. This

disease rarely affects persons under forty years of age. In
its later stages it produces such characteristic deformity thet
it can be diagnogsed by clinical exemination alone.

The head increases progressively in size becoming tri-
angular in shape. The greatest increment in size seems to be
in the superior part of the skull.

.The tibiae and femora become swollen and curved out-
ward, produeing an increase in the anterior and lateral con-
vexities and the patient appears bow-legged. The bones also

fracture easily. The bending and fractures are due to a soften-
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ing of the bone;although the bones are increased in diameter,
their resistance 1s decreased. The body length diminishes
since the spine is also involved in the disease. The soften-
ing causes kyphosis and in some cases the costal margins may
rest on the iliac crests. The disecase affects the base of the
skull as a result of which the posterior part of the base
becomes more elevated than the anterior fossa producing what
is termed "convexobasia™.

The fractures are generally located in the long bones
or the spine. They are slmost always transverse fractures.
Although the break is caused by slight trauma, healing is not
delayed and callus formatioﬁ is satisfactory.

Severe rheumatold pains are complained of by the
victims of this disease. In most eases; however, they 4o not
appear to be due to compression of the nerve roots.. There is
a narrowing of the foramen magnum by proliferation of the bone
at the base of the skull so that it becomes pear-shaped or
heart-shaped, but this does hot seem to give rise to any symp-
toms, Deafness is frequently a symptom of this disease and
here again it does not appear to be caused by compression of
the eighth nerve by the proliferating bone. Marked arterio-
sclerosgis is often observed even 1in young patients with Paget's
disease.

X-ray examination of the bones in this disease shows
a thickening of the cortex which results in narrowing of the
marrow cavity. The new bone formation may also occur at the

periphery producing an ossifying periostitis. The marrow cavity
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is irregular and thick, gross bone trabeculae are found in the
cortex. In fact, the entire architecture of a Paget bone is
remodeled and completely different from a normal bone.

The skull has an appearance of cotton-wool which is
hardly ever found except in Paget's disease. As soon as the
skull is thus affected roentgenologic diagnosis of Paget's
becomes relatively simple. When, however, the disease is
localized in several vertebrae, the differential diagnosis
between tumor metastasis and Paget's disease is often impos-
sible. In the age group in whieh Paget's occurs arthritis is
common and this too complicates the picture of Paget's disease.
In fact, when arthritis is present, Paget's always begins in
the vertebrae so affected. Fissure-like transverse lines in
the lQng bones are believed to represent incomplete fractures.
In Paget's disease the joints usually remain free although they
may be involved by a co-existing arthritis.

Statistical studies by Schmorl46 have revealed that
Paget's affects the sacrum, pelvis, and spine most frequently.
The disease 18 rarely seen under forty years although leontiasis
ossea, which is a closely related disease, is seen much earlier,
particularly in women.

Microscopic sections of Paget's disease show an
irregular criss-cross pattern of thick and devious Haversian
lines, the so-called mosaic pattern, instead of the regular
curves of thin Haversian lines., The resorption of bone is
gréatly accelerated in this disease but at the same time rapid

new formation of bone tissue takes place. This rapid recon-
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struction of new bone causes the swelling of the bones.‘ There
is insufficient time for calcification of this new bone so that
a large part of 1tAremains as osteoid, which allows bending on
weight bearing. There is a proliferation of blood vessels in
this new bone which causes an increase in the temperature of
the skin overlying the affected bone.

The serum celcium and phosphorus are not elevated in
Paget's and there is no hypercalcinuria, The phosphatase is
elevated and the increment depends upon the severity of the
disease., In severe cases it may be twenty or thirty times the
normal.

There may be a long history of aching of the bones or
a spontaneous fracture may occur before the diagnosis is made.
In other cases the diagnosis is made from an X-ray taken for
some other reason.

In diagnosing this éondition the history, biochemical
plcture, and X~ray should make the diagnosis comparatively easy.
When confusion exists, a punch biopsy from the iliac crests
will usually make the dilagnosis. The skeletal metastases of
prostatic carcinoma often give the same clinical and radiologic
picture as Paget's. In this case the acid phosphatase
determination will differentiate between the two.

There have been numerous reports in the literature

Paget's. In a number of cases this change has occurred {jpﬁ‘ hf%‘f
simultaneously in more than one of the bones so affected.

The etiology of Pdaget's disease is unknown. It has
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been suggested that it may be due to syphilis, inflammation,
arteriosclerosis, changes 1n the nervous system, pituitary

malfunction, and avitaminosis A.

XIV. Summary

In this paper the differential diagnosis of some of
the more important cystic diseeses of the bones has been con-
sidered, namely,---soliﬁary bone cyst, giant cell tumor, von
Recklinghausen's disease, hyperplasia of the parathyroids,
osteomalacia and fetal rickets, Albright's syndrome, the
xanthomatous diseases, multiple myeloma, and Paget's disease.
The diagnosis of any one of these diseases is based on the
correlation of many factors, among which may be mentioned
age, sex, location of the bone defect, deformity, clinical

history, X-ray picture, blood chemistry, and biopsy.
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