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The history, general discussion and outstanding features of osteitis
fibrosa cystica may be found in any system of medicine (1, 2). The
mineral metabolism of osteitis fibrosa cystica and related diseases,
such as osteomalacia and rickets, where there is a disturbance in the
physiology of inorganic salt deposit has received much attention
recently.

In January 1926, a patient showing evidence of marked bone
absorption with little replacement of calcium was admitted to Bellevue
Hospital. Extensive studies of this rare condition were made in the
metabolism wards of the Russell Sage Institute of Pathology, New
York, and of the Massachusetts General Hospital, Boston. This
article will present a clinical resume of the case with the various find-
ings of the first period of observation.

CASE REPORT

History. The patient Charies M., age 30, was admitted to Bellevue Hospital
January 15, 1926. He was a master mariner in the merchant marine and in 1918
was navigating officer of a transport. He was at that time in fine physical con-
dition, an active athlete, 6 feet 1 inch tall. His habits were good, his medical
history uneventful and during his war service he was subjected at times to the
nervous strain of navigating in the war zone. There were periods when his diet
was low in calcium as he had almost no milk, eggs or green vegetables. In No-
vember 1918 when 22 years old, he slipped and felt a sharp, severe pain in his right
loin which lasted one week. Three months later pains were felt in the legs and
hips, which became more severe, and extended upward to the lumbar spine.

1 Presented in abstract before the Interurban Clinical Club, New York, April,
1927.
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OSTEITIS FIBROSA CYSTICA. I

About July 1919, his fellow officers noted that he was growing shorter and becom-
ing pigeon breasted. His neck shortened and thickened so that he had to wear
larger collars. About the same time he noticed that he sometimes passed thick
white gravel at the end of urination and that the urine was very cloudy. The
passing of the gravel caused severe pain. The occurrence of gravel continued until
1925. His right patellar ligament was ruptured in 1920. He stumbled easily
because he had difficulty in coordinating muscular movements. Pains in the heels,
legs, and back were caused by the jars of walking, or coming down stairs. He
became so weak that he could hardly climb stairs. Despite these disabilities he
remained at sea until 1922 when he was obliged to return to NewYork for treat-
ment on account of abdominal pain and vomiting. He was then 5 feet 81 inches
tall. He was treated for one year for arthritis with no improvement.

In October 1923, he stumbled, fell against a chair, and broke both bones of the
left forearm. A roentgenogram taken then showed considerably decreased den-
sity of the bones suggesting osteomalacia. He was admitted to the Marine Hos-
pital, Staten Island, in December 1923, where he remained as a patient until
November 1925. His fractured left arm was kept in a cast for 9 months before
union occurred. While in the hospital in August 1924 he fractured the left radius
and in October 1925, the right humerus. He was placed on a Bradford frame
with traction to secure extension and his height increased to 5 feet 9 inches.
Whenhe was allowed up he measured 5 feet 6 inches, after 30 minutes in an erect
position. Then he wore,a supporting body brace. The next deformities which
appeared were a shortening of the neck, a sinking of the head, and a forward
protrusion of the lower jaw. Roentgenograms taken in the Marine Hospital
showed osteomalacia involving the whole skeletal system. While there he was
given diets high in calcium and phosphorus, cod liver oil, calcium and phosphorus
medications, thyroid extracts, epinephrin, heliotherapy, quartz lamp treatment,
and irradiated milk, without noticeable improvement. During his stay in the
hospital he felt weak and suffered almost constantly from pain in his bones and
joints.

In the six weeks between his discharge from the Marine Hospital and his ad-
mission to Bellevue Hospital his pains gradually wore away and the urinary gravel
nearly disappeared.

Physical examination. The general appearance can best be'shown by the front
and side views of the patient. (Fig. 1.) He was well nourished. His head
showed exaggerated grooves and prominences of the calvareum and a protruding
lower jaw. The teeth were in good condition. There were no evidences of infec-
tion of the throat. The neck was short and thick with no enlargement of the
thyroid. The chest showed a marked prominence of the sternum. The ribs
impinged on the iliac crests. The heart was normal in rate and rhythm. There
was an appendectomy scar in the right lower abdominal quadrant. The external
genitals were normal. The spine was rigid, with marked kyphosis in upper dorsal
region and with considerable tenderness on pressure in the lumbar region. His ex-
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FIG. 1. FRONTAND SIDE VIEWS OF THE PATIENT CHARLESM., JANUARY, 1926,
SHOWINGTHE PROTRUDINGJAW, SHORTNECK, DEFORMED

CHESTAND CONTOUROF EXTREMITIES
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FIG. 2. ROENTGENOGRAMOF RIGHT HUMERUSAND ELBOW, JANUARY, 1926,
SHOWINGATROPHY, FRACTUREIN LOWEREND OF HUMERUS,AND

A SMALL CYST

218



HANNON, SHORR, McCLELLAN AND DuBOIS

tremities showed bowing deformities in both arms due to old fractures with some
tenderness on pressure over the bones. The muscles generally were soft and flabby
with apparent loss of tone. The knee jerks were present but sluggish.

Laboratory data. The temperature varied between 980 and 99°F., the pulse
between 70 and 90 per minute and the respirations between 18 and 24 per minute.

Vs

N

FIG. 3. ROENTGENOGRAMOF LEFT RADIuS ANDULNA, JANUARY, 1926, SHOWING
MARKEDBOWINGAND DEFORMITY

The blood pressure ranged from 110 to 125, systolic, and 65 to 80 diastolic. His
weight remained between 64.5 and 66.8 kgm. The urine was clear, amber, acid
in reaction with specific gravity of 1,020 and was negative for glucose, albumen,
blood and casts. The blood Wassermann was negative, the hemoglobin 95 per
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FIG. 4. ROENTGENOGRAMOF LUMBARSPINE, LATERAL VIEW, JANUARY, 1926,
SHOWINGCURVATURE,WIDENEDINTERVERTEBRALDISKS, AND

NARROWEDBODIES OF THE ERTEBRA
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cent and the white blood count 7,400 with a differential count showing 62 per cent
polymorphonuclears, 30 per cent lymphocytes, 6 per cent large mononuclears
and 1 per cent each eosinophiles and basophiles. The blood chemistry on Janu-
ary 20, 1926 was: non-protein nitrogen 36 mgm. per 100 cc., uric acid 3.5 mgm.
sugar 98 mgm., serum calcium 14.5 mgm., serum phosphorus 3.3 mgm. and carbon
dioxide combining power 56 volumes per cent. The blood on standing formed a
soft, friable, dark red clot which retracted only slightly in 24 hours. The basal
metabolism was -8 to -17 per cent by Aub-Du Bois standards.

Roentgenograms of the bones showed the following changes. There was ex-
tensive bone atrophy with absorption of the cortex, a few cystic formations
and marked bony deformities particularly in the pelvis and spine. The skull
was involved in these changes. Figure 2 shows the right humerus and elbow,
figure 3 the left radius and ulna, and figure 4 a lateral view of the lumbar spine.
The electrical reactions were, galvanic, K.C.C. 55 m.a., A.C.C. 60 m.a. and fara-
dic 14 m.a. These findings were about twice the amount of current required to
produce a reaction normally and represent a considerable diminution in the elec-
trical excitability of muscle and nerve.

Course in hospital. After about 3 weeks of preliminary observations, exact
metabolic balance studies were begun, and continued for 76 days, with accurately
weighed diets and complete collection of all urine and feces. The patient suffered
at times from mild pains, especially on moving about in bed. He remained in
bed during the entire period of observation. He received a diet of 2500 calories
containing 75 grams protein, and was in a slightlv positive nitrogen balance
throughout. The calcium in the food was varied from 0.5 to 1.2 grams per day.
He required 0.7 gram of calcium (expressed as calcium) daily to maintain balance
and with an intake of 0.5 gram per day showed a negative balance. Three hundred
and eighty units of parathormone were given between February 16 and March 2
with a maximum daily dosage of 40 units. The patient was more uncomfortable
during this medication and hence it was stopped. Moderate constipation was
experienced during the first month in the hospital which was readily relieved by
strychnine and agar-agar. The patient's general condition improved and on
April 23, 1926 he was transferred to the metabolism ward of the Massachusetts
General Hospital in the care of Drs. Aub and Bauer.

METHODS

The calcium and phosphorus intakes were calculated from Sherman's food
table as given by Rose (3). Seven diets which duplicated the diets for one day of
each period were analysed for calcium and phosphorus. It was found that the
calculated amounts of calcium and phosphorus in the diets for the period varied
both above and below those of the diets analysed but the average for the daily
diets fell within 5 per cent of the amounts found in the diet which was analysed.
Therefore, we feel that the calculated intakes represent accurately the actual
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amounts of these minerals ingested. The calcium in the urine was determined by
the method of Shohl and Pedley (4) and the phosphorus by the method of Fiske
and Subbarow (5). The feces was dried, digested with sulfuric ana nitric acids
and the calcium and phosphorus determined in the same way as in the urine. The
serum was estimated by the method of Kramer and Tisdall as modified by Clark
and Collip (6) and the serum phosphorus by the method of Fiske and Subbarow
(5). Table 1 contains the blood calcium and phosphorus determinations and the
other significant data concerning the calcium and phosphorus balances during the
periods of observation.

COENTS

From the clinical and roentgenological studies it seems evident that
this is a case of osteitis fibrosa cystica although the differentiation
from osteomalacia is not easy. Clinically he had a long history of
progressive skeletal deformitieg with frequent fractures which healed
slowly. Roentgenograms showed general rarefaction of the bones
with no proliferation and some cyst formation.

At the present time bone is considered an active tissue that is con-
stantly being built up and broken down by osteoblasts and osteoclasts
and a part of an interacting system made up of soft tissues, blood, and
bone. In osteitis fibrosa cystica, as well as in osteomalacia, osteo-
genesis imperfecta, and rickets, the essential nature of the pathological
disturbance is the laying down of a type of bone deficient in lime salts,
called osteoid tissue, in place of normal bone. The similarity of the
pathological changes in the skeleton in these diseases has led many to
regard them as a single disease with varying degrees of intensity and
with different localizations.

The causes of these conditions have usually been classified as exog-
enous or endogenous. The first group indudes malnutrition, lack of
specific food factors such as vitamine D, and diets deficient in calcium.
In the endogenous group fall repeated pregnancies and protracted
lactation, certain pathological processes such as osteomata and myosi-
tis ossificans, and disturbances in the glands of internal secretion,
particularly the ovaries and parathyroids. McCrudden (2) has dis-
cussed most of these factors.

Wehave found no studies of the mineral balance of patients with
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osteitis fibrosa cystica.2 Osteomalacia, however, has been extensively
studied in this respect. The most constant findings in osteomalacia
are a negative calcium balance and a lowered calcium content of the
blood, even when ingesting amounts of calcium which would be ade-
quate for a normal individual. A few cases are reported with ele-
vated blood calcium (2).

The role of the parathyroid in calcium metabolism is now well
recognized.

a. Hyposecretion, either infantile (tetany) (7), postoperative, or
idiopathic, is marked by low blood calcium with elevated blood phos-
phorus, and increasdd muscle and nerve irritability as evidenced by
the electrical reactions and the occurrence of convulsions.

b. Hypersecretion, studied by the use of a potent extract of para-
thyroids (8), is distinguished by elevation of blood calcium, a lowered
blood phosphorus (later followed by elevation if the extract is con-
tinued), and by a negative calcium balance at the expense of the bone
calcium (9).

Our patient presented a number of prominent features:
1. Blood calcium. Throughout the period of observation the level

was elevated ranging from 13.4 to 16.5 mgm. per 100 cc. of blood,
but usually between 15.0 and 16.0 mgm. The normal range is between
9 and 11 mgm. (10). This finding is in contrast to the usual level in
osteomalacia (11) which is generally lower than normal. They cor-
respond to the figures obtained in animals which received a potent
parathyroid extract. Clinically Hunter and Aub (12) found high
levels during periods of parathyroid administration in the treatment of
lead poisoning.

2. Blood phosphorus. The determinations all fell between 1.1 and

2Since these studies were made, three reports of the mineral balance in ostei-
tis fibrosa cystica have appeared: 1. Gold, Wien. Med. Wochenschrift, 1927,
lxxvii, 1734; 2. Barr, Bulger, and Dixon, J.A.M.A., 1929, xcii, 951; 3. Wilder,
Endocrinology, 1929, xiii, 231. The chemical findings are in essential agree-
ment with those presented by this patient. All three had tumors of the para-
thyroid bodies which were removed with clinical improvement. Wilder's paper
contains an excellent discussion of the role of the parathyroid bodies in osteitis
fibrosa cystica with a collection of the cases reported in the literature.
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3.3 mgm. per 100 cc. and mostly below 2,5 mgm. The normal level
is between 3.0 and 4.0 (13). This depression in the phosphorus level
in the blood has been mentioned by Collip following the administra-
tion of parathyroid extract (8). On continued administration of
parathyroid extract the animals showed rising phosphorus levels
which were marked just before death.

3. Mineral balances. The intake of calcium and phosphorus was
entirely supplied from the food. A,daily intake of 0.4 gram of calcium
(expressed as calcium) is sufficient to maintain a normal individual in
balance (14), Our patient required 0.7 gram per day to maintain him
in calcium equilibrium and on 0.5 gram per day he had a definite
negative calcium balance. The facts with regard to phosphorus bal-
ances are vague. Our patient showed a positive balance for five
periods and a negative balance in the last two periods. No explana-
tion for this shift in balance can be offered,

4. Mineral excretion. The normal subject on a general balanced
diet excretes in the feces from 70 to 90 per cent of the total calcium
eliminated and the remainder in the urine (15). On the other hand
our subject excreted only 10 to 30 per cent in the feces and the greater
amount in the urine. The low calcium excretion in the feces suggests
efficient absorption from the intestine.

5. Parathormone administration. All the medications which have
been recognized as of value in treating osteomalacia had been used
without success. While he was under careful observation we adminis-
tered parathormone in small doses, for diagnostic purposes. He
received 380 units over a period of 15 days. The clinical effects were
striking. He complained of definite increase of pain all over his
body, especially on motion. There was in addition, a slight elevation
in the blood calcium. The medication was then stopped.

6. Electrical reactions. The muscles generally were flabby and
poor in tone. The electrical reactions revealed a marked reduction in
excitability of muscle and nerve. This is the exact opposite of the
response obtained in hypoparathyroidism (16).

7. Nature of blood clot. The blood dot differed from the usual nor-
mal clot. It slowly formed a dark red, very friable clot with very
little clot retraction. Serum, free from red cells, could not be ob-
tained except by centrifugalization. This is in keeping with the find-
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ings of Mellanby (17), that an increase in blpod calcium concentration
lengthens the coagulation time.

Our patient then presents a picture which agrees in its essentials
with that produced by the excessive administration of parathyroid
extract and opposite to that found in hypoparathyroidism. These
considerations and the finding of parathyroid tumors in patients with
osteomalacia and similar bone disturbances (18) led us to the con-
dusion that the underlying basis for the osteitis fibrosa cystica in our
subject was a hyperactivity of the parathyroid bodies.

It was obvious that a search for some abnormality of the parathy-
roid glands was the next step indicated. At the closing of our metab-
olism ward for the summer the patient was transferred to the care of
Drs. Aub and Bauer at the Massachusetts General Hospital for fur-
ther studies of his calcium metabolism and a consideration of the ad-
visability of removing one or more of his parathyroid glands.
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