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case l.  Osteoporosis 
This 45 year old white woman was admitted with a chief compla int of recurrent 

ankle edema of1hree months duration. During this interval she also complained of 
weakness and some low back pain. Medical examination· in Dallas failed to establish 
a diagnosis; but because of pe;sistence of complaints, she was hospitalized for a 
work-up. 

On physi cal examination slight rounding of face and some soft hair along lateral 
aspects of her cheeks were noted. · · ·· · 

The most striking feature of the work-up was -the finding of tremendous demineral­
ization of the spine with three compression fractures. · Na,K, C02, Cl, BUN, Ca, P, 

· proteins , alkaline phosphatase were normal. " 17~hydroxycorticoids ranged from 12-15 mg/ 
24 hrs. Glucose tolerance test was diabetic. 17-ketosteroids ranged from 11-16 mg/24 hrs. 
Se I I a turcica was en I arged. · · · - · 

The pituitary was irradiated. Within -one month 'hypertension <16o/110) and retinal 
hemorrhages supervened. Back pain became unbearable. ·For this reason, it was decided 
not to await possibility of remission from irradiation. Bilateral adrenalectomy was 
performed with marked clinical improvement. Back pain is reduced but sti II present. 

Case I I.  -~Osteomalacia 
This 57 year o I d , an intermittent week-end alcoholic, entered(. 

the hospital with a chief complaint of severe weakness and weight Joss for three years. 
For one year he had about three stools daily which were formed and appeared at times 
to be greasy. The stools were not voluminous, foul smelling, or remarkable in appearance. 
Other than the pain associat ed with a perforated peptic ulcer 18 years previously, he 
has had no abdominal pain. His diet during the present illness had been very poor. 
No other symptoms. Physical examination negative, same for malnutrition and emphysema. 

Work-up revealed l~rge amounts of fat and undigested muscle fibers in the stool. 
There was marked pancreatic calcification by x-ray and deformity with ulceration of 
the pyloric antrum. Bone marrow and glucose tolerance test were normal. Ser. Ca.: 
8.1-8.5 mg%. Ser. P.: 2.0-4.0 mg%. Alk. phosphatase: 5.8. Liver function tests 
normal. No evidence of decalcification of t"he"skeleton. . 

On a high protein-low fat diet, Vit. D.", pancreatin, and . calcium, there was recovery 
of strength and weight gain (21 lbs.). Ser. C~~ returned to ~ormal (10.1 mg%>. 

Case Ill. . Ostei tis fibrosa-- manifested · princippl ly by renal stones. 
This 36 year ol'd woman had "kidney ·trouble" .. diagnosed as pyelitis with each of 

her seven pregnancies. Dysuria and frequency persisted after her sixth delivery in 
 1952. These symptoms became more severe and Nere accompanied by right 

costovertebral and suprapubic pain in , 1952. 1-V pyelograms revealed a right 
ureteral stone which was removed surgically. No studies of any kind were performed. 

In , 1957, she was once again seen for pregnancy. She comp<lati ned of severe 
constipation, malaise and fatigue. Following delivery she has had nausea with 
occasional vomiting, nervousness and some fatigue~ Physical exam-- normal. 

Chemistry 
. / ··' ' Qg _e_ 
-57 12.5 2.5 

Alk. Phosph. 
4.-6 

Alb/Glob • 

-57 12.8 3.3 
-57 I I .6 2.3 3. 7 
-57 12. I 2.3 6.8 
-57 11.8 2.2 5;7· 
X-rays of spine, pelvis, skull and lamina dura 

1957, revealed mild decalcificati on of the skeleton 
findings. lamina dura intact. 

She is awai~ng hospitalizati on. 

4.8/2.5 
5.0/2.9 
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c•ee BV,  Osteitis filblrosll -- mooiliifested Min.ly lOy polyG:Br ill. 
, ~ 22 ye~r o!d ~~its ~le, h~d ur in~ry s~. ·ar. of 1.00 1 on Arey discharge 

physic•l ex~in11tlo~ . After !8. ~o~rs of fluid restri ct ion this wss sti I I 1.002. 
fo r severlll.yellrs he ha~ im~i~e~ 11nd voided l~rge volu~es dur ing the d~y snd had 
ob ligatory noct~rill once e~~~ nig~t . H~ hlld never hlld dysurl•, hem•turia, pyuria, 
rena l colic or Clllc~li . Strengt~ and st,min• ~ere nor~lll , and history was negative for 
,norexla, N or V, constip~tio~ , fractures , bony or i ntra-or•l tumors , and visual 
disturbance. His flltber ~~d ki dney ston,s. · 

Physi ca W ex•miA~tion ~~s entirely n~nmal$ BP w•s 138/98. Ur inalys is: sp. gr 
1.002~ trace reliction to Sul kowitcb , --20 WBC p>;Sr HPF-:- MilxiMJ urin .~ concentration was 
J.005. Ure• clellrli~ce w11s 64% and 6o% of norm~! . BUN Wlls 13 . 1 ~~ . PSP excretion 
was 7$ In 15 11 i nutes , 23% in 2 hours. Ut inary ca lc ium excreti on on low-calcluAI 
diet was I 19, 94, and 810 mg . ~er day. Seru• calcium ~as 19 . 2, 15.4, and 15.6 mg$. 
serum phosphor us ~~s 2. 4, 312, and 2.5 mg$. Al kalil'le phosphatase was 6.9, II. I, and 
5.2 B.U. KUB f i im showed e~te~sive bilateral neph~ocalcinosis , but n0 renal calculi. 
An adenom~ of t~e left superi or par~thyro i d land was r emoved . Tatamy developed two 
days postoper~tlveiy , and SMbs i de~ d~rin~ the following week. Sd xteen ~nths after 
angary, serum calciu~ is ~ormal (10 . 2 mg$) , ~ut phospherus is sti I I somet imes slightly 
low (2.4 - 2. 8 lilflg$>. Alk«lll iDile phosph~tase is nor~~~~al (2.4 B. U.). Dif ·fuse bilateral 
nephrocal cinosis persists, ~ut BUN is 9. 5mg% and PSP excretion has i ncreased to 31$ 
in 15 minutes . Urine now concentrates ·to I. 026 In 18 hours . Ca lei um excretion on 
135 mg. calcium diet . i s 16m~ . per day. Tubu lar rea~sorpti on of phosphorus is 90$. 

Case V.  --Osteitis f ibrosa-- borderline hyper calcem ia, no hypercalcuria when 
examined. 

, 1950: First a~m i ssioA of , a 60 year old co lor ed male, 12 bours after 
onset of gross hemat~r!a . Prev i o~s hea lth had been good, with RGrma l strength and 
stamln~ , no uri Rary or gastrointest inal com~Ja i nt s , ~fractures or ske letal lesions. 
BP was 140/90. Ur i alysis $how~d gross hematur ia, sp. gr. - 1.012, 3-plus alb~min, 
occasional WBC . Seru~ ca!cfum, phosphor us, and f lat plat e of abdomen . were AOt done. 
Two large bladder ~lc~ii (calcium phosphate on ana lys is) wer e r emoved at cystotomy. 

 1952~ Secon~ a~mission , 5 days after acute onset of chi I Is, fever, 
anorexia, and left CVA pain. BP was 140/80. Uri nalys is: sp . gr. - 1.017, !-plus 
a lbumi , 10 WBC and m~ny RBC per HPF . BUN - 16 mg$. A single serum ca lc ium was 
10.6 mg%; no phos~horas ~~s done . KrnB sho~ed ~~opaque calculus with in the left 
renal pelvis. . 

 1957: Third a~~iss i on , com~lal~ i~g of weakness and vague joi At pains 
of about 3 years duration. Histor y w~s unreli a!ble bece1use of menta l confw-sion 
(Truman i s preside r:~t) but a~~arently no we iQht loss, anorexia, coAstip#flion, thirst, 
polyuria or noctu r ia . Admission BP of 21 0/ !6o fel I s lowly t o 140/80 during several 
weeks wlthaut treatme~t. Urinalysis: sp. gr . - 1.004, 1.01 I; 4-p lus albu~ in; 
Sulkowitcb - negative t o 2~~ha s.; many WBC and some RBC per APF . Urea clearance: 
28 and 32 cc/ min . maxi~al . BON - 16,9 mg$$ serum creatinine- 1.2 mg%. A/G = 3.5/3.7. 
Nine serum calcill.llms ~ere be'tweeU'l II . Eii and 12. 7 mg$; eleven serum pbosphor us values were 
between 2.2 and 2. 7 mg%. Aikaline phos phatase- 4.0 B. U. Urinary ca lcium excretion 
on 135 mg. calci~m diet Mas 87, 120, and 129 mg. p~r day . Tubular reabsorptiop of 
phosphorus was 60% and 52$. Serum calcium r $ma ined high (1 2.0-12.4 mg%> during five 
days of 1-M hydrocort isone Jilemisuccinate , 50 mg: q. 6 hours·. IVP's showed left hydro:-:: 
nephrosis secondary t o ~n opaque calculus wed~ed In the left ureter. No bone disease 
by x-ray. A ri ght So..& !PJer I or parathyro Id adenoma ( I •. 2 x !. 6 em) was r emoved. The next 
day s~rum ~al cium was 10.6 ~%and phosphor us was 3.7 mg$; subsequent values have 
remai ned normal . left ureteral l ithotomy was performed 3 weeks later. The patient's 
strength !•proved postoiP'erativeiy amd joint ~~ins disappeared, but he sti II thinks 
Truman is president. 
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c•se VI.   -- dec~lcification , et iology unknown. 
   1957: This 45 ye~r old man, chronic alconolic, was adm itted 

following an automobile accident and was found to have a cerebral contusion, 
1splration pneuMOnia and laenec's cirrhosis . He Improved remarkably with treatment 
1 nd was discharged after two weeks. 

In clinic, x-rays of spine were taken because of back~che of rece~t onset 
1 nd revealed collapse of T- 1 I. 

  1957: Having disappeared 
of syncope. He had beer:~ dri nking heavily. 
physical ~~am, in addition to evidences of 
r6 -- L3 • . 

from clinic, pat ient was readmitted because 
He compla ined of severe back pain. On 

c irrhosis, be was markedly tender from 

X-ray examination revea led collapse of two add itional verlebrae and treaendous 
demineralizati on of the entire skeleton, including lamina du r~ aAd skull. On  57 
x-rays revealed a 4th co ll apsed vertebrae. 

Work-up: No fat In stools. I I serum Ca and P al I normal. Alk. phosphatase 
elevated (4.8-7 I); liver functios:s tests deranged. FBS, serum proteiras, Na; K, COa, 
Cl, B~N normal. 17-ketosteroids I 1.5 mg/24 hours. Normal b~ne marrow; antibodies 
for febrile agglutinins and blood groups present. TRP = 89%. Urinary Ca excretion 
on 150 mg. Ca diet -- 100 mg/day. Administr•tlon of 15 mg Ca/Kg body weight for 
4 hours. 

BIBLIOGRAPHY 

Albright proposed that the phra~e metabolic bone d isease be confined to diseases 
of a systemic nature whi ch influence the entire skeleton, although some bones were 
more suscept ible than others . 

Bone eon~ i sts of a proteIn matrix : , <-osteoid) and a m! neral deposItion 
therein consist ing predominantly of ~alcium salts, apatite. Usteoblasts Jay down 
matrix; osteoclasts destroy bon (both mat r ix and apatite). "Decalcification" 
alone, therefore, does not occur. 

Metaboli c bone d isease is sometimes detected by x-ray evidence of decreased 
densjty of the skeleton. The terms "dec•lcif ication" , "osteoporosis", etc., when 
used as. synonyms for increas d radiGJucer:~cy , are lnca rrect. Rarefaction. ~f bone 
is a mare preper ter~. Al bri ght distinguishes three trms of metabolic bone disease, 
a ll of which~ be ch•racter ized In part by rarefacti on: 

A.. Ost.oporos j s: a process in wh i cb the primary defect is impa ired matr I K 

·; .. : f<i>omat ion. The 'trabecu I ae of bone are decreased in number and thickness and the 
cortex is thin; but al l the bone which is present contains normil amounts of 
apatite. 
B. Osteomalac ia: deficient apatite depos iti on in bone matrix. The formation 
of the l'tter is normal or increased. 
C. Osteitis fibrosa qeneralisata : excessively rapid bone destruction (osteo­
clastic ~cfi~ity). 

Discussions of classifications: 
~ 

( l. >fAibright, F. a~d Reifena,ein, E.C. The Par•thyroid Glands and Metaboli.c 
Bone Disease, WI llia.s. & W ilkin~ , 1948. 

(2.) Follis; R H., Jr A survey of boAe disease. Am. J. Med., 1957, 22, 469. 

, Types of Osteoporosis 
I. Inadequate osteoblastic act ivity . 

A. lmmobi lizafion of a part or al l of skeleton-- e.g., nerve Injury, immobl llzatlon 
after a fract-.re, extems·~~e p~refys is (e. g., poI iomye I it is), etc. It has been 
suggested that disuse diminishes osteob lastic activity by causing a reduction of 
blood flow to bone: 
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(3) Stevenson, F.H. Osteoporosis of immobilization in recumbency . J. Bone & 
Joint Surg. 1952, 348, 256. In norma l subjects physica l activity has a protein 
anabolic effect in association with which there is ca lc ium retention: 
(4) Deitrick, J.E . , Whedo~ , G D., Shorr, E. Effects of immobilization ~pon 
various metabo II c anq physiologic funct i OAS of ·norma 1 men. Am. J. Med., 1948, 
!, 3. . 

B. ~'Oeftclent -estrogen -- P.ost menopausal osteoporosis. Pan-hypopituitarism, artifl-
'- : : c;: i a I I y- i Aduced or natura I I y-occu rr I ng ~nenopau se are associ ated with osteoporos i s. 

Nine out of 17 patients between ages of 10 to 30 with Turner's syndrome had 
osteoporosis: 
(5) Grunnback, M.M., et al. Gonada l dysgenesis. J. Clin. Endo . & Met. 1955, 
12, 1161. 

C. Congenita l deficiency of osteoblast ic activity-- osteogenes i s imperfecta. 
Osteoblasts may be Increased ; a lk. phosphatase may be elevated, but matrix Is 
defective and does not calcify . 

.LL- I nadegwate bid j I d i ng-materj a Is 'for matrl x format ion. 
A. Protein deficiency . Simple starvation may be accompan ied by osteoporosis. 

Nephrosis Is sometimes r esponsible: 
<6> Emerson, K., Jr. and Beckman , W.W. Calcium metabolism In nephrosis. J. 
Clin. Invest. 1945, 24, 564. Oncontrol Jed diabetes may result in osteoporosis-­
see ref. I. Albright at t ri buted rarefaction of bones in hyperthyroidism to the 
loss of protein because of excess ive catabolism. This seems to be a minor factor. 
Increased amounts of Ca are in urine and stool in unce ntrol Jed hyperthyroidism; 
occasionally a lk. phosphat ase is elevated; radioisotope data suggest increased 
flow of Ca into skeleton; microscopic examination reveals evidence of extensive 
bone destructio.n; and balance data reveal loss of Ca whi Je in N eqllli llbrium and 
retention of Ca, with treatment, i n part Independent of nitrogen. It has, there­
tore, been proposed that bone disease in hyperthyroidism is primarily the 
consequence of increased bone destruction (osteitis fibrosa) with secondary 
bone formatio n. Mal nutrition may complicate the picture and cause some osteoporosis . 
(7) Follis, R.H., Jr. Skeletal changes associated with hyperthyro idism. Bull. 
Johns Hopkins Hosp. 1953, 92, 905. 
(8) Krane, S.M., et al. Effect of t~yrold disease 0n Ca metabolism in man. J. 
Clin. Invest. 1956, ~' 874. ' 
(9) Green, J."and Lya l I, Ro Ca metabo lism in hyperthyroidism. Lancet, 1951, p.828. 
Cushing's syAdrome can lead to fulminant osteoporosis, particularly If activity 
is restricted. Mechani sm is thought to be protein deficiency as a conse~uence of 
the anti -anabGI ic effect of hyldrocorti sone. Stere i ds , gl ven tor the treatment. of 
rheumatoid arthritis over prolonged periods (up to 5 years), were associated with 

: d~velopment of severe osteoporos is In II and compression fractures in6 of 68 
p~tients. Most of these patleats were on re$trl cted activity. 
(10) Nowell, 0.6. and Ragon, C. Course of rheumatoid arthritis during 4 years 
of Induced byperadrena I I smo Medi c i ne, 'I 956, .2,2, 83. 
Androgen deficiency -- long-standing eunuchoidism is often associated with · 
osteoporosis. Presumably, androgens promote matrix tormati a n by their anabolic 
effect -- Aot as a result of specific action on osteoblasts. 

B. Ascorbic acid deficiency -~ markedly diminished osteoblastic activity is noted 
mi9roseopl ca lly. Alk. phosphatase may be diminished. 

~ Osteoporosis of unknown etiology. 
A. Acromegaly-- See ref. I. Cause unknown. Best bet seems to be an associated 

deficiency of gonadotrophic hormone from which ~st acromegalies suffer. 
(II> Reltensteln, E.C., et al. Endocrinol. 1946, 39, 71. 

B. Senile osteoporosis --cause unknwon --may be connected with diminished activity, 
malnutrition, diminished andogen and estrogen secretion. 
( 12) Moldawer, M. Sen! le ost eoporosts ;" . Arch. Int. Med. 1955, 96, ae2. 
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e. Tu.or eel Is In bone Marrow-- may give rise to osteoporosis; 
(13> Follis, F.fl., Jr. end Park, E.A. Burr. filosp. Joint Dis. 1951, J.g, 67. 
(14) Wei lerstern; R.S. Multiple myelo~a without demonstrable bone lesions. AM. 
J. Ned. 1951, JQ, 325. 

Spe~ lal Features of Osteopocosls 
~ §lteeporosls and hypercalcemia. 

Osteoporosis Is usually associated with norMal values for seru• Ca, P, aad alkaline 
phosphatase. Fracturtts with i111110blffzation so~~etl111es result in acute hypercalcemia. 
1-.obf llty Is more IMportant than tbe fracture In pro1110ting Ca loss4 

(15) Albright, F. et al. J. Clln. En~•rln. 1941, .1, 711. 
Mypercalce•la Is especially apt to develop followlag i.-oblllzation In cblldren 
whose bones are rapidly ~tabollzlng, 
(16> Mason, A.S. Acute osteoporosis wltb bypercelceMia. lancet, 1957, p.911. 

~ AsymptoMatic fractures In senile osteoporosis. · 
IR homes far the aged, tbe Incidence of asy•ptoiiU'.Itic vertebral fractures Is 

25-30$. Tl2 end ll ~st vulnerable. In contrast to co~presslon fractures In tbe 
young, these ere uaually DSJMpto~atlc. l111110bl lizetion aggravates osteoporosis and 
Is ~nnecessary If pain Is absente 

(17) Gersbon-Coben, J., et al. J.A.M.A. 1953, 12!, 625. 
ll1L Qsteoparosis and byeercalciurfa. 

The rate of Ca loss May not be rapid enough to cause detectable hypercalce•la, 
but I pronouaeed osteoporosis Increased Ca In urine and stool Is co~n. Apart 
fro• skeletal rarefaction, the principal disorders are nephrocalcinosis and renal 
stones. Both of these occur In Oushlng ~S ~ syndre.a. They are partlcularly co-.o• 
In any kind of paralytic disease where patients are bed-ridden. In severely paralyze 
patients with poliomyelitis bypercalclurla lasted more than one year: 
· (18) Dunning, M.F. and Plum, F. Mypercalclurla fallowi ng polioMyelitis. 

Arch. I Rt. Med. 1957, 99, 716. . 

A. 

B. 

c. 
D. 
E. 

Treat~ent of Osteoporosis 
(19) Bartter, F.C. Osteoporosis. Am. J. Med. 1957, jg, 197. In addition to 
treatIng· specIfIc ~use of osteoporosis -- e. g. scurvy, d i abates, hyperthyroid I s•, . 
Cushing's syndrome, -- several general points are always applicable: 

Do not give Ca salts or Vlt. D. Such measures Increase hypercelciuria and 
therefore cause nephrocalcinosis and stones without serving to repelr~teoporosls. 

Mobi llze patients. Dlsus, atrophy aggravates entire process. Needless braces 
ab0ut spine for asymptomatic compression fractures increases the osteoporosis. 
A rocking bed minimizes osteoporosis In paralyzed patients. 
Generous protein Intake-- especially If there is evidence of malnutrition. 
Generous fluid intake-- to prevent stones. 
Estrogens end androgens -- appear to be of benefit in alI types of osteoporosis 

except osteogenesis IMperfecta and certain idiopathic forms. Both cause , 
diminished Ca and P excretion In urine ~nd stool. Estrogens pr~duce more Ca 
retention; androgens more N retention. 

Dose at estrogens: 
Diethylstl lbesterol -- I mg. 1-3 times del ly. 
Premarin (water solwble conjugated strogenlc s~bstances) 1.25·•r 1-3 

Ethinyl estrodl,r -;- - o. I mg 1-31 tii'ISS del Jy. 
times del Jy. · 

' 

estrogen is gIven for one ~~K>nth ' !iJl no omItted for one week I n eye I es 
Dose of androgens: 

Methyltestosterone -- 5-10 mg. del ly by Llnguet. 
Ni lever-- stl I I exp~rlmental --10 mg. t. i.d. 

Combined estrogen and androgen therapy Is of value in either sex. 
acne, hirsutism, deepenl~g - of voice, frontal baldness, hypertrophy of 
Indicate excessive androgen. Estrogen produces tenderness of breasts 
retention In both men and ~omen and reduced libido In men. 

In women 
cr ti'orts 
and salt 
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In post-menopausal osteo~rosl s, although back pa in responds ~fter three 
weeks of estroge~ , x-ray evidence of skeleta l recal ci f icat ion has not been 
forthcoming . Howev r, f~rt~er rarefaction is presumabl y prevented. 

B~rtter ~olnts oMt (ret . 19) that benefic ia l effects with met hy l testosterone 
In ost eoporosis ~~ve been sho~n only wi t h dosesd 40-1 00 mg/ day. Sma l I doses 
may be of va hse , bMt oot c i e~r ! y pr0ved. Even sOAeil I · doses exer t androgenic action 
In most wome~z dose IIJsw~l l y re~ltllced after 40 days . 

Ni levar <i•S. a potent emaJbolic agel11lt but exerts some androgenic e ffects in 
women. Sti I I exper imental. 

Osteomalacia I· 
,, J).Pes of Osteom!!ll ~c I§: 
I A. l n~dequete Ca or Vlt. D. int~ke: 
1 This is vi rtu~lly never~ c~~se of osteomal~cia In ~dul ts In the U.S. 

~ 
I 

It is impor taAt in Chi~~ and l~dia , where Vlt . D. l~ck m~y contribute. 
R~re l y , ~reg~~nt and l~ct~tl~g women or growing chi ldrem on exceedi ng ly poor 
diets may dave l o (Ol osteoMI ac i.a. 

B. Ste~torrhea. 
AI I types of ste~torrhea ~~~give rise t o 
(I) loss of Vit . D. in fatty stools. ( 2) 
Steat orrhea may be occMit , a~d present es 
obv ious G-1 distMr~a~ce: 

osteomelaci~. Mech~nl sM is twofold: 
perh~ps torm~tlon of Ca soaps. 

a problem In bone disease without 

(20) Juergens , J . L. , et al. Severe osteoma l~ia associated with occu lt 
steatarrhe~ due to non-tropic~! spr ues. Arch . Int. Med. 1956, 98, 774. 

Most severe osteomalacia In steatorrhea occ~rs in spr ue where may have ~ 
speci f ic defect in intest ill1lal capacity to absorb Ca: 
(21) Badenock , J . and foMrman , P. Ost eomalacia in steat or rhea . Qu~rt. J. 
Med. 1954, 23, !65. 

Excellent review o f steatorrhea . 
(22) Valwl fer, W. G-1 mala~sorptive sy~dromes . Am. J . Med. 1957, 23, 250. 

C. Excessive renal excreti on of Ca. 
Ac i ~s i s of renal insuffi ciency •. Rena l disease cau ses acidos i s wi th fl~ed 
~cl d (phosphate) retenti on. Ur inary acid excretion i s low. Azot em ia present. 
Ac idos is ca~ses hypercal~iur ia wh ich r esults In hypocalcemi a. Thi s stimul ates 
parat hyroids . Skeleton fu r ther de~leted of Ca. But bec~use of t ubu lar 
dise~se , phosphate excreti on is not increased . Bome findings Qr,e a mixture 
of osteom~lacia and osteitis fib rosa. 
(23) Al bri ght, F. et !!ill . Osteomalacia l?llld late r ickets. Medici ne 1946, .2.2, 399. 
Hyperchloremic renal tubuiDr acidosis . High Cl , low co2 , low P, nor~ J BUN 
early, low K, str iking ne~hrocalclnosis . Process attr ibuted by Albr ight to 
impa ired NH3 production In kidneys ( ref . 23) . Al ter nat ive hypothesi s : Impaired 
proxi mal tubul~r blc~rbonate reab~orptlon : . 
(24) Latner, A. tand Burnard, E.D . Quart. J. Med. 1950, 12,, 285 . 

Disease is acqui red ( pyelonephr itis most common) or inher it ed . 
Vitamin D resistant r ickets or @hosphate diabetes . Osteoma lac i a devel ops abouT 
age o f 2. Serum Ca usu~l !y Ulormal (May be low) ; ser. P very low; marked 
pbosphotur ia. Pr lm~ry defe~t a~~e~rs to be lnab i l ity of t ubules to ~bsorb P. 
Absorption of Ca and P from gut Is normal . Defect is part ia l ly corrected by 
massive doses of Vi t . D. Mech~nism not c lear . Secondary hyperparathyroidism 
pl~ys a rol e i n skeletal depletion . Although Vl t . D can parti a l Jy correct 
the distur bance; It is ~rob~b!y not .e resu-lt of a pri mary de f iciency of the 
vitam in: 
(25) Engfeldt , B. , et al. Primar y Vlt. D r esistant ri ckets. J. Bone & Joint 
Surg. 1956, 38-A, 1323. There Is a strong f aml lia l tendency. 

Phosphot~r la may be accom~aRied by ren~ l glycosur ia: syndrome called 
glycosuri c-ri ckets. 
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Fanconj syndrometphospboturia, glycosuria, amibo-ociduria. ketGnuria agg 
orgonlc aciduria. Cystinosis is an essential feature only of the 
1 nfant I I e type. HypercMoremi c or hypochloremic acidosis is usual I y present, 
but this Is not Invariable. Nephrocalcinosis Is absent. Hypophesphotemia 
Is regularly present. Osteomalacia due to excessive P excretion and aeido$ls: 
(26) Milne, et al. Quart. J. Med 1952, .ru_, 61. 
(27) Anderson, et al. Quart. J. Med. 1952J gL, 33. 
(28) Jackson, et al. Quart. J. Med, 1953, 22, 133. 
Idiopathic hypercalciuria. Primary disturbance Is excessive Ca excretion 
at eny given level of serum Ca. No acidosis. Serum Ca is normal or low. 
Serum Pis usually normal, but may fall as a result of secondary hyperpara­
thyroidism. Renal stones are marked. See ref. 23. 
Uretero-enterostomy with hypercbloremic acjd9sis~ 

D. Excessively rapid bone calcificat ion. 
Osteomalacia following remova l of parathyroid tumor. 
Osteomalacia followi ng correction of scurvy. 
New bone is rapidly laid down; sera Ca and ser. P fall to low values and matrix 

Is not calcified. 

Treatment of Osteomalacia 
A. In steatorrhea with osteomalacia. 

Vitamin D -- 50,000-300,000 units/day. 
Ca lactate-- 5 gm. t. i.d. or more. 

To prevent Vlt. D i ntoxication: Hypercalcemia wi II not be present if urine Ca 
is low. Therefore, do Sulkwitch test for rough index of Ca. Follow serum Ca. 
See ref. 21. 

B. For Vit. D resistent rickets~ 
May need as much as 600,000 units of Vit. D dally. 
Must be careful to~event Vlt. D intoxicatl~n as osteo.alacia recedes. 

C~ In osteomalacia due to acidosis: 
Shohl's solution: 

Na citrate '- '98 .gm. 
Citric acid 140 g•. 
Water IPOO cc. 

Take 50-100 cc. dally in divided doses. Can substitute K citrate in part or 
· in whole if K deficiency or edema is present. Watch for alkalosis, edema, 
K intox. when renal function is poor. 
If osteomalacia is severe, large amounts of Ca salts and Vit. D must be given. 

Osteitis fibrosa generalisata 
I. Causes of primary osteitis fibrosa generalisata. 

Single parathyroid adenoma -- about 82%. 
Multiple parathyroid adenomas -- about 4%. 
Multiple parathyroid adenomas associated with adenomata of pancreas, adrenal, 4 

pituitary -- about 4%. 
Primary diffuse Wasserhel le hyperplasia 9%. 
Carcinoma of parathyroid--< 1%. 

~ CliAical syndromes. 
A. Renal or bladder stones-- 5% of alI patients 'with renal stones have hyper­

parathyroidism (Albright). Figure is probably low. 
B. Nephrocel ~i nosis --may be m~nifested only by polyuria. 0ccasionally get 

renal diab.tes insipidus with di lute ur fne. Ultimately renal failure may 
dominate picture. 

C. Bone disease -- rarefaction, cysts, tumors, path . fractures and deformity. 
Absence of lamina dura; decalcification of skull. Complaints of bone pain. 

D. Combined bone and renal disease. 
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Chemical hyperparathyroidi sm -- no x-ray evidence of bone disease and no 
calcinosis or calculi May be: 
(I} asymptomati c -- chance findings in blood est~~! ish diagnosis. 
(2} syndrome referable to elevated serum calciumg 

(a} hypoi rrltabi llty of per ipheral nerves (hypotonl~, muscular weakness, 
hypermobi lity of joints, diminished reflexes ) 
(b) hypoi rr itabi 1 ity of sp I ancbn i c all:ll'toRomi c system (severe censti pat ion, 
abdominal distensi on with nausea and vomiting ) 
(c) hypoirritabi lity of central nervous system (impaired hearing, drowsi~ess, 
frank coma, psychosis} 
(d) disturbance of card iac mu scle (arrhyt hmias , short Q-T Interval) 
(e) dry mouth and pruritus 
(f) metastatic calcifi cati on ~band keratitis and ca lci fication at sclero­
corneal junction, calc ification of media of arteries of leg with escbemic 
leg ulcers and intermittent claudication, calcification bilaterally in 
braia and basal ganglia, calcification of pancreas with pancreatitis, 
calcification in lungs and thyroid) 

Important types of presenting features o 
Gastro-intestinal syndrome-- anorexia , naasea, vomiting, constipation, cachexia, 

and abdomina I ,pain In add it ion ta dIrect effects of hyperca I ceml a on autonomic 
nerves, this syndrome is due to the increased incidence of peptic ulcer and 

pancreati~s in hyperparathyroidism: 
(29) Rogers, H.M , et al . erimary hypertrophy and hyperplasia of parathyroid 
glands ' associated with duodenal ulcer. Arch. Int. Med. 1947, 79, 307. 
(30) Cape, 0., et al . Pancreatitlsx a diagnostic clue to ~yperparatbyroidism. 
Ann. Surg 1957, 145, 857. 
C.N.S. disturpances -- depresioa and psychosis~ 

(31} Fitz, T E and Hallman, B l. Mental changes associated with hyperparathyroidisM 
Arch. Int. Mad. 1952~89, 547. 
Renal--- polyuria, low spe9ific gravity of ~rine; somet imes hyposthenuria and 

renal diabetes insi~idus. For a 'long time, concentratiRg power of kidney is · 
depressed out of all proportion to azotemia or impaired PSP excretion: 
(32) Hellstrom, J. Primary hyperparathyroidism. Acta endocrinol. 1954, lQ, 30. 
It polyuria and polydipra are present due to nephroc~lcinosi s, stones are not 
I i keJ y to form. 
Hyperparathyroidism associated with otmr endocr!Ae adenoma, especially islet 

eel I adenoma (hypoglycemia~. 
Acute parathyroid intoxication -- coma, fulminant renal failure, sardiac 

arrhythmias (heart stops in systole}. 
If chronic renal failure occtirs, ser Ca may t al I toward normal and P rises 

to high values. Usually, Ca is higher than would be expected~o• degree of 
azotemia and Pretentine. 
laboratory diagnosis. 
Repeated determinati ons of serum Ca, P, and alkaline phosphatase. This is 

by all odds the most cri'ti cal lalbJ . aid . 
Normal values for Ca: 9.2-10.4 mg%. 
Normal values for P : 2.8-4.5 mg%. 

It serum protei liiS are a I tared , must correct for es.t i mated ion I zed Ca: 
X-ray: rarefaction of skeleton; bone cysts and tumors: absent lamina dura; 

granular decalcification of skull; renal stones; mephrocalcinosis; metastatic 
calcification (vessels esp. of lower extremities, pancreas, etc.). 
Demonstration of hypercalcluriag Bauer-Amb diet (135 mg Ca daily tor 3 days; 

tben collect urlnes whl le sti I I on d iet tor several days thereafter). 125-150 
mg/day is borderline. > 150 mg Ca/day--- hypercalciurla. 
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o. Phosphate rea~sor~tion test~ 
(33) Scha~a~f , M. ~n<d Ktpls, l.i·t ME~~S ll:llr<3lm£e~t of % rei:la! P rel!!bser pt ion in dieg­
nos is of hy~er~~r~t~1r@a@!s~. Am. J. Med Sci. 1954, 228, 262. Creet in ine 
c I eerance 11:11sed t o est i rr!ll~t'e ~ h:1>im:ell~ ~ ~ lr f· i ! tn•~rt ion ra1te . 

% TRP = t~~~iar ~re~~SOII@tlo~ ~f ~ x 100 
·f i ! te~red IP 

Norma I s~~jsets % TRP = 9!. 3 ± 3 •. 3% 
Hy~e~~~~r~thyr~i@ism = 58$ 

If serum creatinine is ~olrm~l , e~n ~se ~ s~rteAed fo rmula which el imi nates urine 
vol ume and timing errors: 

% TRP = 100 6 _-urine P cone . x serum ~rea~tir.iine cone. ~ 
( urine cre~tini~e cone. x ser~m P. cone .) 

AI I qo.~centratlons are in mg/ml . 
\'a I ues of % TRIP> = lltOFi1dlli§J I 85% * l . 

osteo~v-csis 84% ".!:' 0. 6 
hy~elr~~~athyro idlsm 65% ± I. 

(34) Cham!lller s , E. t . Jr. , et ~1. Tests for t!ry~erplaJrathyroidl sm. J. Clln. 
Endocr inol . & Met. 1956, JQ, 1507. 
Othe rs have not conf i rmetdl this ~ork. Pai·t of the dIfficul t y Is t hat as serum P 
rises, P cl earance incv-e~ses. A new formula, ~hosphate excret ion index 
(P.E J.) has been iiJ rop10sed to oov-rect for t&liis~ 

Cl earance P - £ + 0 . 05 = 0 * 0. 12 in no~r~ l peop le. 
Clear ance Cr · 20 - · 

Values above 0.1 2 should be o~t~ined in hy~er~~v-atbyroidi sm: 
(35) Norden and Frase~ ; ~ ~@irect assessment of p~rathyro id f unction in 
Bone Struct ure amf Met·~~ollsm . CitG~ Found<eJtion Symposia, Little Brown, 1956. 
Even t his correctlo~ h~s not ~een fo~nd reliable~ high values found in patients 
with stones ; nor~M I va llllles in hy[illewpawathyro i d ism. • 
(36) McGeown , M ~ Nonm~l st~ndards on ren~l pbos~hate c learance. Clin~ Sci. 
I 957, J.Q, 297. . 

E. Calcium infus ion test . 
Low va I ues of seru!l1l C:a st i lll!ts I arte ~~rathyro I d sea ret ion; hi gh va I ues inhi bIt it. 
Therefore, in nor imill Slt!l~je~t:ts ser. P should r ise, t:rine P shou ld fa l J, Ca excretion 
should be fairly brisk . 
Patient p laced oR low Ca and lo~ P diet . After 3 days, co llect control 24 hr. 
urine on 4th da'f . On 5t~ d~y give an inhnsio111 o·f Ca gluconate, 15 mg Ca/Kgm 
body wt. in I liter of saline over 4 hrs: 
(37) Norden and Fraser. Ca infusion test . lallllcet 1956, 823 & 827. 
If urine is co l lected 8-24 nrs . after infusloR is begun , results are better: 
(38) Heatt, H. H. and Thom~son , D.D . J .C. I. 1957, 36, 573. 
Test Is no good for hy[illerp~rathyroidism. Magnitude of Ca retention may be of 
some val ue in osteomalacia. 

F. Phosphate depr ivati o~ test. 
Low P d iet fo r 5 days. Ser . Ca ~ises in~~er~ar~thyroidl sm, not in normal subjects. 
Ser. P and urine Phd Is in ooth . Of ~inor vahne . 
See ref • .34o 

G. Response t o hydrocor tisone 
Hyperca lcemia of alI types dis~~~e~rs on l~rge doses of hydr-ocortisone except 
in hyperpar at hyroidism and some forms of metastat ic cancer . 

Causes of hypercal cemia other tb~n hyjer~ar~thyroidism . 
A • . Mi I k-a I ka I i syndrome . 

No hyperca lciu r ia on low Ca diet . Metabolic al kalosis . Usua l Jy K deficiency . 
Renal i nsuffi ciency~romlnent . 
(39) ' Burnett, C.H , et ~1 . N.E. J. M. 1949, 240, I. 

8 Vitami n D intoxicat ion . 
Serum P us~a l ly norm~ ! . Re~@l i~s~ f ficiency prominent . 

C. Wypercal cermia iA adren~ l i~s~fficienay (crisis) 2 
(40) Leeksma, C.H .W. , et al . Hy~era~lcemia in adrena l insufficiency. Acte 
Red. Scand . 1957, p. 455. 
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o. Idiopathic hypercalcemia of infancy. May be a form of hypersensitivity to 
Vlt. 0. 
(41) Oaeschner, G. l . Ped. 1957, 12, 362. 

E. Sarcoidosis-- ~y ~e due to endogenous Vlt. D. intoxication. 
(42) Henrneman, P.R., ei' al. Jl C. I. 1956, 35, 1·22'9 . 
May get high Ca, low P, elev~ted al k. phosphataseo 

F. Bery I II os i s. 
G. Acute osteoporosis especial Jy with immobl lization . 
H. Paget's disease with fracture and i~bi llzatio~ . 

(43) Reifenstein adn Albright N. E. J.M. 1944, 231, 343. 
1. Mu lti pl e mye loma (alk. phaphatase norma l or low.) 
J. lymphoma. 

(44) Kabakow, B. et al . Hypercalcemia in Hodgkin 1 s di sease . N.E.J.M. 
1957, 256, 59 .. 
Nephrocalci nosis and renal stones are i~portaAt causes of death In lymphoma 
even with normal ser~m Ca. 

K. Ma I i gaancy . 
0steolyti c lesi ons ·of bone are associated with bypercalcemia. Breast and prostate 
are most convnon. 
Recently, hypercal cemia, low P, ~levated al k. phosphatase has been observed in 
patients with malignancy without bone destruction . Removal of t urmor corrects 
disorder. If tumor rea~pears , disturbance reappears. Tumor seems to secrete 
a parathormone-1 i ke substance CortIsone has no effect on hype rca I cem .i ~a. 
(45) Plimpton, C.A. and Gel Jbor R, R. Am. J Med 1956, ~, 750. 
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