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ESTROGEN THERAPY IN POSTlIBNOPAUSAL OSTEOPOROSIS 

I. INTRODUCTION. 

A relatively neivly recognized metabolic disease was recent]y described 

by Fuller Albright of the Harvard Medical School and was named postmenopausal 

osteoporosis. This entity had been considered under the general headings of 

senile osteoporosis and idiopathic osteoporosis for many years . Uue to experi­

mental and clinical analysis of osteoporosis it was found that a large segment 

of these cases had one characteristic in common, i.e., the postmenopausal 

state, either physiological or artificial. It was but a step from this find­

ing to the consideration and the successful use of estrogen in the treatment 

of this condition. Although still in the investigative stage, estrogen therapy 

shrnvs great promise in arresting the progression of postmenopausal osteoporosis 

and in promoting the deposition of new bone. The subject of the present paper 

will be largely concerned with the evidence relati..~g to the effects of estrogen 

on bone metabolisms in postmenopausal osteoporosis. 

There are several things that make postmenopausal osteoporosis of great 

clinical interest : (1) it clear]y delineates the etiology of the majority of 

cases of osteoporosis, which ,1ere formerly lumped into the general groups of se­

nile and idiopathic osteoporosis; (2) it provides an interesting concept of the 

action of the gonadal hormones on skeletal tissue, skin and other tissues; 

(3} the clarification of the etiology of this type of osteoporosis has resulted 

in the establishment of a new type of therapy--estrogen administration-for 

this disorder; and (4) it opens vast realms of theoretical possibilities for 

treating rarefying bone disorders and stimulating the healing of fractures in 
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in the aged, prevention of progression of rarefying bone disorders, and, 

indeed, even of prevention of the disorders themselves. It hardly needs to 

be pointed out that the trend is toward a larger percentage of the population 

to live longer and thus, with women, to live many years in the postmenopausal 

state. For the medical profession, therefore, there is a large job ahead in 

the study of diseases and treatment of diseases of people in the autumn of life. 

In the more distant future, it is conceivable that prophylaxis will take its 

rightful place, but until geriatric disorders are recognized and understood 

clearly, this will have to remain a vision. 

II. THE NATURE OF CERTAIN METABOLIC RAREFYING BONE DISEASES . 

There are three types of metabolic diseases in which too little calcified bone 

is found. These are osteoporosis, osteomalacia, and osteitis fibrosa eener­

alisata or hyperparathyroidism. They can be characterized according to the 

underlying disorder that causes them. 

(1) Osteomalacia is a deficiency disease in which bone formation and resorp­

tion continue normally but calcification of the newzy-formed osteoid tissue is 

defective. Many reasons have been listed for the deficient absorption of cal­

cium and phosphorus from the gastro-intestinal tract. These can be found 

elsewhere. In laboratory studies a high serum alkaline phosphatase level a.rid 

low . serum calcium and phosphorus levels are found. In summary, it is a fail­

ure of mineralization of bone due to a deficient supply of calcium and phosphorus. 

(2) In osteitis fibrosa generalisata (or cystica) the primary disturbance is 

increased bone destruction. There is a loss of bony tissue because of the in­

creased activity on the part of the osteoclasts, the cells that seem to be in­

volved in bone resorption. Hyperparathyroidism is the commonest cause and, 

when present, high serum alkalineohOsphatase , low serum phosphorus and high 

serum calcium levels are found. 
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(3) Osteoporosis is primarily a disorder of tissue metabolism, i.e., the 

osteoblasts lay down too little bony matrix but the matrix which is laid dorm 

is normally calcified. Osteoporosis is only secondarily a disease of calcium 

and phosphorus metabolism, therefore, as expected, the serum calcium and phos­

phorus levels are normal. Since the alkaline phosphatase level of the serum 

is presumably an indication of osteoblastic activity, it is rather surprising 

to note that the serum level of alkaline phosphatase is normal; especially so, 

when it is realized that the total amount of osteoid tissue is greatly reduced. 

The normal level that is found is an indication of a rather lo.v over-all osteo­

blastic activity. 

Another way of looking at this is to recall that bone is a living tissue. 

All living tissue is subject to anabolism and catabolism. Adult bone is com­

posed of an organic matrix in which a complex of calcium, phosphorus, and car­

bonate is imbedded. Tvro processes, formation and resorption, occur continual­

ly and simultaneously. In normal bone these are balanced and the skeleton is 

sufficiently rigid to withstand stresses and strains to which it is subjected. 

According to physical-chemical laws, this organic-mineral tissue is constantly 

being remodelled with new bone formation occurring to meet the demands of the 

skeleton; and resorption of unneeded tissue removes that tissue that is not 

needed. A person doing heavy work over long periods of time is likely to ac­

quire a more massive skeleton than a sedentary worker. In the above-named 

rarefying bone disorders, however , the skeleton cannot respond normally to 

stresses and str.ains due to underlying metabolic disorders. ln osteoporosis, 

as mentioned above, there is too little skeletal mass to provide rigid support . 

The bone that is formed is calcified normally, but there is just too little 

organic matrix available to hold enough of the calcium~hosphorus-carbonate com­

plex in an amount to make a bone of normal size and strength. 
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III. CLINICAL CONDITIONS ASSOCIATED WITH OSTEOPOROSIS. 

Osteoporosis is associated with a number of clinical conditions (35) . 

a . Disuse atroE!:z (1, 2, 3, 5, 35), such as occurs with orthopedic immobil­

ization, occurs due to the aforementioned lack of the normal stimulus of stress­

es and strains for osteoblastic activity. 

b. Similitz, where the . bony tissue atrophies as do other tissues (skin, hair, 

and muscle} probably causes atrophy due to the general slowing dovm of the 

vital processes of anabolism which may be explained partly on a hormonal basis (6~ 

c. Malnutrition and other conditions such as starvation, nephrosis , hyper­

thyroidism, and certain cases of pregnancy, may cause osteoporosis due to the 

lack of sufficient protein "building blocks" necessary for hhe formation of 

bone matrix (3, 5, 6, 12, 35) . 

d . Excess of adrenal cortical "S II hormone, the 11-oxysteroid hormone of the 

adrenal cortex, causes osteoporosis due to inhibition of anabolism of proto­

plasm and bone matrix in particular. This is seen in a number of conditions 

including Cushing's syndrome , the adaptation syndrome of Selye (e . g. , burns 

and shock) , and in the administration of adrenocorticotropic hormone (6, 9, 35) . 

e . Acrome~ has been cited as another cause of osteoporosis (35) . The 

cause of the osteoporosis in this condition is unknown for certain, but has been 

postulated variously to be due to: (1) inadequate nitrogen intake to keep in 

nitrogen balance; (2) an overproduction of adrenocorticotropic hormone with re­

S11ltant ,overproduction of the adrenal cortical 11S11 hormone ; or (3) a lack of 

gonadal hormones secondary to the destruction of the gonadotrophic hormones by 

the pituitary tumors. 

f . The post-menopausal state is the commonest of all forms of osteoporosis 

according to Reifenstein and Albright (35} . The difficulty underlying this 

entity is a deficiency of estrogen which results in failure to stimulate the 

osteoblasts . 
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g. Idiopathic osteoporosis includes those cases in which the etiology is 

obscure and which cannot be accounted for on other bases. 

IV. THE NATURE OF POSTiiENOPAUSAL OSTEOPOROSIS. 

a. The Clinical Finding_~. 

The usual history of postmenopausal osteoporosis is that a woman about 8 

to 10 years past the menopause (either physiological or artificial) notices 

weakness, fatigue or a dull ache in the lower part of the back, and has a gen­

eral feeling of inability to accomplish her daily work (1, 3, 5, 12, 15). Some­

times the backache may become so severe that she seeks medical aid before the 

osteoporosis is developed to the extent that it is possible to demonstrate it 

roentgenographically. This early stage may last several years before the true 

nature of the condition is known. Cobey (15) notes that in this early stage, 

fatigue causes the patients to have poor posture but not the round-back deformity 

that comes with collapse of vertebrae. There is no great degree of muscle spasm 

with motion and the pain and tenderness are usually not acute. 

Some time later after receiving a slight jar or a fall, or while lifting 

or bending, the woman experiences a sudden snap or acute pain in the back. This 

is due to collapse of one or more vertebrae. The pain that occurs with this is 

severe and often forces her to go to bed for a fe,,v days or weeks. The type of 

back pain may be varied but is characteristically aggravated by movement even 

of the slightest degree such as lifting, coughing, sneezing, turning, jarring, 

or bending. Typically, therefore, she walks with short, careful steps to avoid 

jarring. The pain occurs chiefly in the levier part of the thoracic region and 

in the lumbar region. A multitude of referred pains projected along nerve roots 

may be seen frequently, causing pain in the neck and shoulders, down the arms, 

along the ribs, over the precordium, in the epigastrium, in both flanks and over 

the iliac crests, or there may be associated sciatica (3, 12, 18, 21, 24, 35, 40). 
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With progress of the atrophy of the bone the patients become round should­

ered and seem to lose stature . There is usually marked limitation of motions of 

the spinal column due to muscle spasm. Brown, Ghormley, and Camp note that 

pressure on the spinous processes does not elicit more than moderate tenderness 

and is not well localized, but jarring or bending (as mentioned above) causes 

severe pain, Eaton, however, feels that the best diagnostic test is to find 

tenderness on pressure on subcutaneous bone . The pain in the back and the 

root pain gradually become worse and finally compel the patient to go to bed 

for relief (12) . 

b. Laboratory Findings. 

In various metabolic studies done on patients with postmenopausal osteo­

porosis, determinations of the serum levels of calcium, phosphorus and alkaline 

phosphatase have consistently sh~m values within normal limits (1, 2, 3, 6, 12, 

18, 21, 35) . Black, Ghormley and Ca.mp (12) at the Mayo Clinic found an average 

value of 9. 8 mgm. per cent . of serum calcium in 92 determinations carried out 

on 68 cases. The calcium levels in these cases varied from 7. 8 to 12.7 mgm. per 

cent . with the majority bei..."1g between 9 and 11 mgm. per cent . Serum inorganic 

phosphorus determinations in 58 cases had a mean value of 3 . L:. mgm. per cent . 

with values ranging from 2. 1 to 6. 5 mgm. per cent . In a similar manner the 

results of serum alkaline phosphatase determinations done in 47 cases had a mean 

value of 3.8 Bodansky units with a range from 2. 0 to 13 .4 units . Furthermore, 

in 6 of their cases that had abnormally high or low phosphatase levels, normal 

values were found on later determinations . 

Albright and his colleagues (1 , 2, 3, 5, 6, 35) emphasize repeatedly that 

osteoporosis is a disorder of tissue metabolism and only secondarily one of cal­

cium metabolism. They report many cases of osteoporosis including postmenopaus­

al osteoporosis, and observe that the serum calcium and phosphorus levels in the 

latter are usually normal. 1'Furthermore, since the phosphatase level of the 
-6-
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serum is presumably an index of osteoblastic activity one would not expect it 

to be elevated; if anything one would expect the opposite. As a matter of fact 

the level in osteoporosis is usually normal." (2 

In looking at the marked loss of calcium from the bones one would almost 

expect to find an increased serum calcium level. Albright , Burnett, Cope, and 

Parsons (2), however, state that hypercalcinemia is not a feature of postmeno­

pausal osteoporosis but is probably met with only in the osteoporosis of previous­

ly active young individuals suddenly having a large part of the skeleton immob­

ilized as by infantile paralysis or by a plaster cast. Eaton (18) further ex­

plains this lack of hypercalcinemia as being due to such a slow chronic loss 

that there is not enough calcium mobilized into the blood at any one time to 

raise the serum level, but it is sufficient over a long period of time to re-

sult in considerable loss of calcium from the bones. 

In spite of normal serum calcium levels hypercalcinuria is seen in the 

early stages of osteoporosis (2, 3, 27) just as in hyperparathyroidism and 

in fractures, and may lead to kidney complications. Albright , Smith and Rich­

ardson (3) found urinary calculi in 5 of 40 patients with postlr£nopausal 

osteoporosis. Immobilization following fractures, which are so cowJnon with 

this disorder, may further increase the urinary output of calcium. Howard, 

Parsons, and Bigham (27) in studies on fracture patients found that there is 

a steady rise in the urinary content of calcium for the first month after 

fractures and that the peak excretion was maintained until mobilization was 

allowed. The combination of the basic osteoporosis and immobilization for the 

fractures may, therefore, result in a dangerous amount of calcium excretion 

and kidney damage . This factor is an lll.portant consideration in therapy which 

will be discussed later. As will be seen (vi.de infra) Albright attempts the 

minimum of immobilization to prevent this cause of loss of calcium. 

-7-

~ 

~ 



c. Pathologic and Roentgenological Findings. 

The osteoporosis characteristic of the menopausal state has a predilection 

for bones of the spine and pelvis (1, 3, 5, 12, 15, 18, 24, 40) . The long bones 

are involved only in the more severe cases (1, 3, 5, 15, 18, 40) and the skull 

(1 , 3, 5, 18, 40), in contradistinction to osteitis fibrosa generalisata, shows 

little or no involvement. Albright (2, 5) notes that the lamina dura, which is 

the lamina of bone in the jaws bordering the tooth sockets, is readily visible 

on x-ray. This is a characteristic constant in postmenopausal osteoporosis 

and in the severe cases of decalcification is a critical differential point 

from the generalized decalcification due to hyperparathyroidism. 

Schmorl•s classic description (3, 12) of the vertebral changes in senile 

osteoporosis applies in every detail to those seen in postmenopausal osteopor­

osis Vfhich is understandable since the latter entity previously was classified 

under seniJ.e osteoporosis and has similar pathological findings. The cortical 

bone of the vertebrae is much thinner than normal and the marrow spaces and the 

medullary cavity are enlarged. Vascular rather than osteoclastic resorption 

occurs as evidenced by clean smooth trabeculae. Also the trabeculae are thin­

ner and less numerous than normal. The gradual progress of the osteoporosis 

results in 11eak vertebrae that are unable to stand up under normal stresses 

and strains of the body and the internal pressure of the intervertebral disks. 

Eventually the central part of the vertebral body collapses and the nucleus pul­

posus and disk balloon. Schmorl likened the appearance of the narroNed verte­

brae with intervening ballooned disks to "fish vertebrae" . If, however, the 

disks have lost their expansibility through degenerative processes, this narrow­

ing will not occur. 11Schmorl's nodes 11 are herniations of the nucleus pulposus 

through fissures or cracks in the cartilaginous plates into the vertebral body. 

These may be caused in the normal daily activity or from even very slight trauma 
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(vide supra). The same minimum of trauma may cause compression fractures of 

the anterior portion of the osteoporotic vertebral bodies with collapse of the 

vertebrae . 

The intervertebral disks most frequently involved are those in the lower 

thoracic and the lu.mbar region and the vertebrae here are the ones most commonly 

compressed (12). In these regions the disks maintain their expansibility long­

er and are normally more expansible than in the upper thoracic regions. Degen­

erative changes in the disks, however, occur in the upper thoracic region and 

dorsal kyphosis and hypertrophic changes about the anterior margins of the 

vertebral bodies result from the thinning of the disks. It is the dorsal kypho­

sis that is usually seen in older persons . The amount of ballooning of the 

disks and the number of vertebrae compressed depends on the grade of the osteo­

porosis. In slight osteoporosis there is no ballooning, whereas in extreme 

grades of osteoporosis nearly all or all of the disks may sh01,v ballooning (12) . 

The backache and the sharp radiating pain may conceivably be caused by nerve 

root pressure, but Black, Ghormley and Camp failed to find evidence of pressure 

of the disks on the nerves and believe, instead, that the pain is of reflex 

nature arising from recently compressed vertebrae and referred along the nerve 

roots. They note that there may be severe osteoporosis and many ballooned 

disks and compressed vertebrae vdthout pain . Albright , Smith and Richardson (3) 

likevdse report that there may be no back symptoms and an x-ray exa.'Ilination 

taken for some other condition may be the first evidence of osteoporosis. 

As was said above, the long bones are involved to a lesser extent than the 

pelvis and spine. The femur seems to be fractured more commonly than other 

long bones in these cases (1, 3, 5, 15, 18, 40). Cobey (15) makes the inter­

esting observation that "fractures of the neck of the fenmr and spine in old 

people are probably due more to osteoporosis than trauma 11 • He avers that in-
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stead of actually falling and breaking the hip as is so commonly stated, the 

sequence should be that the hip breaks and then the patient falls. This, 

according to Cobey, is "surely most often the case in regard to fractures in 

the neck of the femur , or the so-called cervical fractures . 11 

The difficulty of detecting early cases of osteoporosis by roentgenolog­

ical examination can be appreciated if it is realized that there must be a 40 

percent. loss of the calciwnwith an equal loss of the matrix from the bone 

before a diagnosis of osteoporosis can be made roentgenographically (15) . It 

is perhaps because of this technical difficulty that the first x-ray evidence 

of the disease is often compression fractures of the vertebrae or fractures of 

the femur (vide supra). Cobey notes further that the redeposition of new bony 

matrix and its recalcification takes a period of six months to six years to make 

itself evident on the x-ray film. 

Dr . Mary S. Sherman's very interesting case of a fifty- eight year old woman 

with Paget•s disease complicated by severe postmenopausal osteoporosis shows 

the extremes to which this disease may go, especially when complicating Paget•s 

disease . In her case the decalcification of the right leg bones was so severe 

that 11when the right foot was elevated, the entire right low·er extremity hung 

between the foot and the pelvis like a piece of rubber hose, and that extremity 

could easily be twisted in any direction. 11 (40) Albright, likewise, has report­

ed cases in which Paget•s disease had superimposed postmenopausal osteoporosis 

(3) and the latter so modified Paget 1 s disease that the sclerosing aspect of 

Paget Is disease was missing . In the case of Mrs . M. L. (3) 11the skull was flat 

and soft and the pulsations of the brain could be felt and seen! " Roentgenolog­

ical examinations showed none of the increased bone density that is typically 

seen in Paget•s disease . It was felt that the same factor that caused post­

menopausal osteoporosis had sLm.larly inhibited the osteoblastic activity in 

Paget 1 s disease. 

-10-
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A point to be constantly borne in mind, therefore, is that postmenopausal 

osteoporosis can complicate other diseases as indicated above . For a further 

example, a case presented before the Medical Grand Rounds of the Massachusetts 

General Hospital (21) presents a possibility of osteomalacia complicating post­

menopausal osteoporosis. 

V. EXPERIMENTAL EVIDENCE OF THE EFFECTS OF ESTROGENS ON OSTEOGENESIS. 

Instead of a chronological account of various work done on the effects of 

estrogenic hormones on the skeletal system and on the calcium and phosphorus 

metabolism, it is believed that it will be more understandable to treat the 

matter according to species. This approach will be used because of the wide 

species differences and in turn the differences between lower animals and man. 

a . Fish and Am~°Q__ia . 

The cod, puffer and the toadXenopus all lay eggs without shells but with 

a high calcium content. Females of all three species show higher serum cal-

cium levels during the development of eggs than males (22, 40). The cod and puff­

er have blood calcium levels of 29 mgm. per cent. when developing eggs compared 

to a level of 9 to 12.5 mgm. per cent. in males . The male toad Xenopus always 

has a lower calcium level than the female. The female of this species in additicn 

has a higher calcium level in the egg-laying season than in the non- breeding 

season (22). The serum inorganic phosphate is decreased during the breeding sea­

son and after the injection of progesterone and estradiol benzoate . Gonadectomy 

in this species has no effect on the phosphorus metabolism; no study of the eff­

ect on calcium metabolism has been made . 

The dogfish shark and other viviparous fish have identical values in the 

male and female and the serum calcium levels do not vary with gestation in the 

female ~22, 40). This corresponds with the lack of variation in blood chemistry 

during gestation in mammals . 

-11-
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b. Birds. 

(1) Pigenons. 

In 1926 Riddle and Remhart (36) made the observation that the blood calcium 

in the female pigeon shows large mcreases at each ovulation period to about 

twice the normal value . Male doves and pigeons, however, show no marked fluctua­

tions of the serum calcium level m the various stages of the reproductive cycle. 

They believed that this variation was "probably first of all an expression of 

a newly found relation which the parathyroids bear to reproduction in the female 

bird. 0 

Laying hens have been shmm to have a much greater serum calcium level than 

for sexually inactive females. In addition the calcium level has been correlat­

ed with the ovum size (22) . 

Kyes and Potter in 1934 (30) found structural variations in the lone bones of 

the leg of the female pigeon that were not found in the male and further correlat­

ed these changes with the maturation of the ovarian follicle. The marrow· cavity 

of the female pigeons shovred no ossification where there was no follicle of a 

diameter greater than 2 mm. However, when there was an ovarian follicle of more 

than 4 . 5 mm. in diameter , there was always some degree of ossification. Extreme 

ossification of the marrow was found when a 10 mm. follicle was present . 

In 1936 Riddle and Dotti demonstrated that a rise in serum calcium can be 

caused by injections of estrogens similar to the rise in serum calcium seen 

when the ovary contains a large ovum. A similar rise in the serun calcium was 

noted by Pfeiffer and Gardner in 1938 and in addition they shO\ved that injected 

estrogens also could produce hyperossification of medullary bone (22) . Bloom, 

Bloom, and McLel\Il in 1941 (13) also noted the cyclic changes in formation of 

medullary bone correlated with maturation of ovarian follicles . Intense destruc­

tion of the bone was found during calcification of the egg shell . They discussed 

the relation of hormones to these phenomena and emphasized that the hypercalcemia 
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differs from. that of hyperparathyroidism chiefly in that during the physiologi­

cal hypercalcemia in pigeons the concentration of ionized calcium is not increase:i . 

Bloom, McLean, and Bloom in 1942 (14} found that estrogens would not induce 

medullary bone formation in castrates or males with inactive testes . They found 

that androgens (testosterone) as well as estrogens were essential to the forma­

tion of medullary bone in castrates. They also separated the two phenomena of 

hypercalcemia and hyperossification in pigeons. 

Riddle, Rauch and Smith in 1945 (37) successfully showed that estradiol 

benzoate could raise the serum calcium of completely parathyroidectomized pig­

eons to the same level as in normal controls . Endosteal bone formation in these 

parathyroidectomized pigeons was as effectively brought about by estrogen as in 

normal birds. This would seem further to indicate a direct action of estrogens 

on bone and calcium metabolism and that it is not mediated through the parathy­

roid gland as inferred by Riddle and Reinhart (36) . 

Riddle and McDonald (38) noted that estrogens increase the plasma calcium 

and inorganic phosphorus of normal, parathyroidectomized, and hypophysectomized 

pigeons. McDonald, Riddle and Smith (32) found that while thyrox:i.n seemed to in­

hibit estrogen-induced increases in plasma calcium, inorganic phosphorus and pro­

tein phosphorus, it does not prevent the formation of endosteal bone ·which follovvs 

estrogen administration. They concluded that the inhibition of estrogen-induced 

increases in plasma constituents by thyraxin is probably a secondary effect assoo­

iated with an increased metabolism and excretion of calcium, phosphorus and nitro-

gen. 

(2} Chickens . 

A hypercalcernia during the laying period was noted in hens and was found by 

Benjamin and Hess to be in the non-filtrable fraction of thecalcium whereas the 

filtrable fractions remained practically unchanged (11). Injected estrogens in 

small amounts (8) or in amounts normally found in the body (34} are not able to 
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significantly raise the serum calcium level in pullets. Massive doses, however, 

were observed (8, 34) to increase the serum calcium level. 

(3) Ducks and Sparrows. 

These two species both show increases of the serum calcium level and increas­

ed ossification in the medullary canals with estrogen administration (221 • 

c. Mammals . 

(lJ ~. 

Estrogens injected into mice of the C3H strain resulted in increase of 

endosteal bone in the femur but this effect was not seen in the CHI strain. In 

the C3H strains a deficiency of Vita~in D did not prevent the typical changes 

in the femur (39). 

The Silberbergs (441 found that in some species and strains of mice there 

was an overproduction of bone but in others the effects of estrogens was merely 

to inhibit resorptive processes. McLean (33} and Urist, Budy and McLean (46) 

found that large doses of estrogens produced spectacular results in mice with 

obliteration of the marrow cavity within 1 to 3 months with the speed of hyper­

ossification depending on the size of the dose. In addition, bone resorption 

was markedly inhibited (46}. Estradiol was inhibited in its action on bone 

when injected with testosterone propionate in both male and female mice . Estra­

diol injected into male and testosterone injected into female mice both caused 

increases of bone and of bone ash. The effects in the females was only slightly 

greater than in the controls while the estrogen-treated males showed greatly 

increased bone and ash weights over those of lL~treated control animals. The 

conclusion might be drmm that estrogens in mice have a definite stimulating 

effect on ossification. 

(2} ~-

Ely and Phillips (19} concluded that physiologic amounts of estradiol had 
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no demonstrable effect on skeletal development. Likewise , Lippman and Saund­

ers (31) felt that any change produced by high doses of estrogens was relative 

rather than absolute and was due to a loss of water and organic material rather 

than a real stj_mulus to hyperossification. 

On the contrary Day and Follis (17), found a decrease in normal destruction 

of bony trabeculae and some increase in osteoblastic activity at the cartilage 

shaft junction. Bell and Cuthbertson (101 noted that estradiol caused formation 

of slightly heavier and stronger bones than normal in rats. Armstrong, et al . 

(7) using orchidectomized rats found that estradiol dipropionate reduced the bony 

atrophy which resulted from this operation. McLean (33) and Urist , Budy and Mc­

Lean (46) find that estrogens, even in small doses, inhibit the normal resorp­

tion of spongy bone laid down in the process of gr~1th in length of the long 

bones . The increase in density of the bones was roughly proportional to the 

dose of estrogen. It is the belief of McLean that estrogen acts "not by promot­

ing calcification or increased density of already formed bone or bone matrix but 

by the formation of new· bone . 11 

Serum phosphorus and phosphatase levels in rats were studied by Tuba, Baker , 

and Cantor (45) . They found no significant difference in the effect of estrogens 

on the serum phosphorus or phosphatase of either males or females that had pre­

viously been castrated. 

Riddle and Dotti (22) found an increase in serum calcium in intact , hypo­

physectomized or gonadectomized rats after the injection of several different 

estrogens. 

{3} Rabbits , Dogs , Hamsters . Kittens , and Guinea Pigs . 

In hamsters, guinea pigs, rabbits, kittens, and puppies (46) proliferation 

of epiphyseal cartilage and new bone formation were suppressed by injections of 

as large doses of estrogens as the animals would tolerate. The result was a 
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stunting in the grovrth of long bones to one- fourth or one- half normal length. 

A reduction in the number of osteoblasts and bone trabeculae was found in immat­

ure rabbits. In many species there were degenerative changes in the bone marrow 

with cyst formation. In general , there seemed to be a non- specific repression 

of all cellular activity when large doses of estrogens were used in these spec­

ies (46) . The Silberbergs (42, 43) described estrogen administration in the 

immature guinea pig as causing premature aging of the skeleton. Ovariectomy, 

on the other hand, causes an initial proliferation of cartilage at the epiphyses 

and a retardation of calcification and ossification. Maturation of the osseous 

system is delayed. 

The serum calciu.m level is decreased in rabbits both with crude ovarian 

extract and large amounts of estrone (22) . In the dog small amounts of estro­

gens are reported various~y to have no effect (33) and to cause a slight rise 

in the sertLm calcium level (22) . 

In general, it is seen that there is a great species difference in the 

effects of estrogen on bone and on the calcium and phosphorus metabolism. In 

certain cases, i . e. , pigeons , chickens, ducks , sparrows, mice and rats, there 

seems to be well-substantiated evidence of stimulation of osteogenesis or of 

inhibition of normal destructive tendencies . Rabbits , dogs , hamsters, kittens , 

and guinea pigs, however , seem to show a non- specific repression of cellular 

activity . 

VI. EVIDENCE OF THE ROLE OF ESTROGEN THERAPY IN POSTI.~NOPAUSAL OSTEOPOROSIS . 

a. Relationship of Age and the Menopause to Osteoporosis . 

As stated above, Albright examined all of the cases of so-called idiopathic 

generalized osteoporosis that were found in the records of the Massachusetts 

General Hospital and found that in those under the age of 65 years, there was 

an almost constant occurrence of the postmenopausal state (1, 3) . He w-as able 
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to find 42 cases of unexplained generalized osteoporosis in the hospital records 

between 1931 and 1940 and found that 40 of these were women. Of these women, 

30 had undergone physiological menopause and 10 had experienced artificial meno­

pause (1, 3J . There was no explanation for the osteoporosis in the two men . 

Furthermore, it was found that there were no cases of generalized osteoporosis 

occurring in women before the menopause that could not be explained on some 

other basis . 

Although Albright (31 would not entirely rule out age as a factor in the 

causation of this disorder , it was noted that one of his cases was a woman who 

was only 42 years of age at the time of onset of the symptoms (3 5) . He tried to 

eliminate the factor of senility by excluding cases over 65 years of age at _the 

onset of symptoms. other.a, ho'l-'rever, have cited cases that indicate thq_t this 

condition may occur in even younger women . Cobey (15} cites two cases in which 

the condition developed after artificial menopause , one of whom was only 23 

and the other 39 years old at the time of onset of symptoms . It should be empha­

sized that these are unusual caees and merely tend to support the contention of 

Albright that the menopause rather than age is the ~nportant factor . As ,iould 

be expected on a statistical basis , most of the cases occur in older women and 

usually past the age of 50 (1, 3, 12, lSJ , since this is the age at which the 

majority of women have undergone spontaneous menopause. 

Varney, Kenyon, and Kechi in 1942 reported on a syndrome of ovarian dwarfism. 

They asked Albright , Smith, and Fraser to prepare a paper on the cases that had 

come to the Massachusetts General Hospital that similarly showed the syndrome of 

primary ovarian insufficiency and decreased stature (4) . Among the various 

things characteristic of this syndrome was osteoporosis of the spine and the 

pelvis which was quite similar to that seen in the postmenopausal woman . Another 

p9int in common with the postmenopausal wan.an was a tendency of same to de:7elop 
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atrophy of the skin. In this group of patients with a life- long ovarian in­

sufficiency, these conditions found strongly suggest a direct connection etiolog­

ically between estrogen and bone metabolism. That the osteoporosis did occur 

in these patients at a relatively early age (the second to fourth decades) seems 

to be further evidence that age alone is not the most important factor in the 

etiology of osteoporosis in women. 

In addressing the American College of Physicians in 1947, 4lbright (6) 

declared that there are two steps in the cessation of hormonal stimulation of 

the osteoblasts in the female . The first of these is the cessation of the 

estrogen hormones, the menopause , and the second stage is the cessation of 

17-ketosteroid production by the adrenal, which he calls the 11adrenopause 11 • 

Since both of these hormones are premised to be concerned with stimulation of 

osteoblasts , the relatively early disappearance in the female of one of them, 

estrin, accounts for the fact that osteoporosis is much more com.~on in females . 

This is in accordance with the findings of Ghormley and his associates at the 

Mayo Clinic (12, 24) , in that they found o~teoporosis afflicted women four times 

as frequently as men and that by inference from their statistics it could be 

seen that the average age of onset in women was about 9 to 10 years following 

the menopause . 

b . Effect of E._strogens on the Calcium and Phosphorus Metabolism. 

A second finding that supports the conclusion that this type of osteoporosis 

is due to an hormonal deficiency consequent to the postmenopausal state is that 

estrogens have the power when administered to these women of placing them in a 

markedly positive calcium. and phosphorus balance and that this effect continues 

as long as the estrogen is administered. The effect seems to be evident in 

about 6 days , and t• maximum effect is reached about 20 to 30 days after the 

therapy is commenced (35} . Following the cessation of the treatment there is 

- 18-



,, 
little change for about 15 days , and then there is found a slow reversal to 

the original balance. A second course of therapy will again cause the calcium 

and phosphorus balance to become positive (1, 3, 5, 6, 18, 21, 26, 35 , 40). 

Reifenstein and Albright (35, 41) noted that the positive calcium balance re­

mained for 30 to 50 days after the cessation of therapy. The phosphorus bal~ 

ance together with the nitrogen balance, hevvever, had a more rapid reversal. 

Sh~rr and Carter (41) noticed a much more rapid fall in the calcium balance 

and that it seemed to parallel the fall in the phosphorus and nitrogen balance . 

At variance with the above findings , Johnston (28) found that the effect 

of giving estrogens in doses of from 12,000 to 36,000 rat units to apparently 

normal girls at puberty resulted in a depression of the calcium balance nth 

increased excretion in both the urinary and fecal fractions. In addition the 

nitrogen balance was depressed in 3 of 8 cases. It should be noticed that this 

was measuring the effect of giving an excess rather than that of correcting a 

deficit. Johnston points out that with thyroid administration there are opposite 

effects that result when used in deficiency states and in excessive amounts . An 

analogy was drawn between the possible similarity with estrogens. Reifenstein 

and Albright l35) found a somewhat similar effect when giving large doses of 

estradiol in postmenopausal osteoporosis. In one patient tease 3) the estradiol 

dosage was doubled during seven 5-day periods of study and it was found that not 

only was the calcium balance not improved vrith this larger dose, but that it 

seemed to be reduced. This would seem to indicate that the lov;est dosage compat­

ible with improvement is to be preferred. 

Reifenstein and Albright (35) further observed in their metabolic studies 

that fecal as well as urinary calcium and phosphorus excretions were decreased 

by estrogens. The urinary nitrogen excretion showed a poorly-sustained decrease 

and the serum alkaline phosphatase levels failed to rise. The synthetic estro­

gen, diethylstilbestrol, appeared to be as effective as the naturally-occurring 
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estradiol. The ranges of dosages employed for estradiol benzoate went from a 

low of 1 . 66 mgm. every 3 days to a high of 3 .32 mgrn. daily intramuscularly. 

Diethylstilbestrol was used in dosages of 1 to 15 mgm. daily by mouth . They 

failed to. find a significant difference between the larger and smaller doses 

except in the one case of an adverse effect of the large dose as mentioned 

above . 15 mgrn. of diethylstilbestrol seemed, however , in the one case studied 

with it, to be slightly more effective than 1 mgm. daily. 

c . Histological andRoentgenological Evidence of the Effect of estrogens on 

OsteoE,orosis . 

The work of Dr . Marys. Sherman of the University of Chicago (40} published 

in 194g established a third invaluable piece of evidence concerning the value 

of estrogens in osteoporosis. She found in a patient with Paget 1s disease with 

superimposed severe postmenopausal osteoporosis , that estrogen therapy not only 

caused the bones to become palpably more firm but that bony tissue was so in­

creased that it could be proved both histologically and by x- ray. The work is 

so monumental and the changes are so graphic that it will be quoted in part . 

"The roentgenograms revealed spectacular changes in many bones ••••• There 

was extreme osteoporosis of t he pelvis and lumbar spine with collapse of the 

lat ter . The same osteoporosis was present to an even greater degree in the fem­

ora, both of which shovted multiple unhealed fractures . The left l eg was rela­

tively nor mal, but in the right t he tibia was almost invisible ••••• With the use of 

local anaesthesia, pieces of the skull, one rib, and the right tibia were remov­

ed for microscopic examination. There was so little bone in the right leg that 

the needle penetrated the cortex. The bone vras identifiable , but was so soft that 

it could be compressed by the slightest digital pressure . The specimen was scoop­

ed out with t he handle of a lmife ••••• With this diagnosis (Paget• s disease with 

superimposed postmenopausal osteoporosis) it was decided to treat the patient with 

massive doses of estrogenic hormone . During this period and for three months pre-
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ceding it she was given the regular house diet with no added calcium or vitamin 

D. She had a total of 610,000 rat units (101.3 mgm) of estradiol benzoate in 

twenty-eight days. Within the first three days, marked subjective improvement 

began. The bone pain diminished; the patient began to be active; and her gen­

eral attitude, from one of extreme apathy, began to be more normal. Within a 

week, she could be moved vrithout discomfort, and the spontaneous bone pain had 

disappeared. At the end of a month, she was able to sit in a chair and manage 

her meals by herself . Her limbs no longer felt soft, and there was palpable 

callus about many of the fractures. Roentgenograms taken at this time shmved 

surprising changes. The right tibia was now· clearly outlined, and there were 

definite trabeculae throughout its length. Both femora were increased in den­

sity, and about the many fractures there was exuberant, fairly dense callus. 

Similar increased density was evident in the pelvis, but the rest of the bones 

appeared unchanged. Biopsy studies were repeated with material from the same 

areas which had been examined before. On this occasion, the bone of the tibia 

was found to be sufficiently dense and resistant so that an osteotome was nec­

essary to cut it. The bone taken from the tibia shovvs the generalized increase 

in number and thickness of the bone trabeculae. Many surfaces are completely 

covered by osteoblasts, while others have numerous osteoclasts. 11 

In earlier articles Albright omitted mention of histological and roentgeno­

logical evidence of the effect of estrogens on osteoporosis. Reifenstein and 

.Albright {35) stated that 11it would be difficult to produce undisputed evidence 

that the bones (excluding fracture-sites) as visualized by x-ray have become more 

calcified than before the therapy was instituted." They did find that the most 

recent fiJJ:ns of the longest treated cases showed fairly convincing evidence to 

support their supposition that bone was becoming more calcified t35) . The case 

presented by Dr. Sherman is outstanding in this regard, therefore, because it is 

the first time in the human that indisputable histological and roentgenological 
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evidence was recorded that osteogenesis is stimulated and that bone actually 

becomes more dense under estrogen therapy. Of further interest is Cobey•s 

observation tl5) that he had a decreased number of non-unions in fractures of 

the neck of t he femur usi ng estrogen therapy. 

VII. ADDITIONAL THERAPY IN POSTMENOPAUSAL OSTEOPOROSIS AND ITS RATIONALE. 

Reference has been made to the work of Black, Ghormley and Ca.mp (12) and 

Ghormley, Sutherland, and Pollock (24} of the Mayo Foundation on senile osteo­

porosis. It is believed that most of the cases that they classify as senile 

osteoporosis now can be reclassified as postmenopausal. It is noted (12) that 

they found improvement in 43 per cent. of cases treated for less than six months 

and symptomatic improvement of 70 percent of patients treated longer than six 

months. The regime used was essentially a diet high in calcium and phosphorus, 

or adrninistration of calcium and phosphorus, supplemented by vitamin D. They 

used bed rest with caution to avoid atrophy of disuse. Braces and corsets to 

support the spinal column were considered essential in some cases (24). In 

addition, heat and massage were applied to t he spine to relieve the pain and mus­

cle spasm. They were not able to show x-ray evidence of improvement in any of 

their cases since the follow-up period extended on an average of only twenty­

nine months from onset of treatment. It is rather significant that Ghormley says 

11 such treat ment must be kept up for many months to accomplish any improvement" 

(24} . 

Albright et al. (1, 3, 35) discussed the various theories of the relation 

of t he diet to postmenopausal osteoporosis and felt that since osteoporosis is 

due to a deficiency in bone matrix protoplasm, a high protein diet is probably 

indicated, but since this condition is not one of calcium and phosphorus metab­

olism primarily, excessively high intakes of calcium and phosphorus and of vita­

min D were probably not indicated. This view does not preclude the use of var­

ious salts of calcium and phosphorus nor of vit amin D, but suggests that the 
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intake should be limited to several times the minimum daily requirements . 

Emerson and Beckman (20} noted a generalized rarefaction of diaphyseal bone 

in children with nephrosis . They attributed this to an excessive loss of cal­

cium in the stool since the urine was almost void of calcium and the feces 

contained an abnormally great amount of calcium. This seems to indicate that the 

absorption of calcium is less during states of nitrogen deficiency. As early 

as 1930 Cuthbertson (16) noted a loss of nitrogen in the urine following frac­

tures and found that vitamin D did not appear to alter the metabolism apart from 

a slight increase in the urinary excretion of calcium. Haward, Parsons , and 

Bigham (271 corroborated Cuthbertson1s work on nitrogen excretion following 

fractures , but found further that when this occurred there followed an increas­

ed excretion of calcium in the urine. Albright et al . (3 , 6, 35) likewise noted 

a negative calcium balance in protein deficiency states such as starvation, mal­

nutrition, nephrosis and in certain cases of pregnancy. Using two patients vrith 

an idiopathic osteoporosis in which pregnancy made the condition much worse , 

Albright (6) added serum albumin intravenously at the ~ate of 50 grams of puri­

fied serum albumin daily for 12 days while on a constant diet and found that the 

urinary calcium excretion bore an inverse relationship to the serum albumin level.. 

In a second experiment, Albright repeated the procedure except that the albumin 

was given orally. Instead of finding the saw~ effect as in the experiment when 

serum albumin was given intravenously, there was no rise in the serum albumin 

level ana also no fall in the urinary calcium excretion. This seems to strength-

en the conclusions that with low serum albumin levels the absorption of calcium 

is markedly reduced and the retention of serum calcium is likewise lessened. 

This led Albright to conclude that serum albumin is important in bone metabolism 

and that it is probably a precursor to bone matrix. Cobey (15) has carried this 

point even farther and recommends that the protein level of the diet should be 

as high as the patient can tolerate and even uses protein digest orally in order 
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to keep a positive nitrogen balance which he feels necessary for osteoid form­

ation. 

As for the question of whether large intakes of calcium and phosphorus 

are indicated, it would seem elemental to say that, if there is a coincident 

calcium deficiency as in osteomalacia (21), an increased supply of calciu.m, phos­

phorus and vitamin Dis needed and would clearly be indicated. In the postmeno­

pausal case presented by Dr. Sherm.an (40} she tested the effects of calcium and 

vitamin D administration w-ith and without the use of estrogen. She found when 

calcium and vitamin D were given with estrogen, that the excretion of calcium 

was only very little more than on estrogen alone , indicating that calciurn actual­

ly was being absorbed and stored in a greater quantity. During a subsequent period 

in which calcium and vitamin D were being given, she discontinued estrogen ad­

ministration and the patient went into a negative calcium balance. Within two 

months after cessation of estrogen therapy, or a little beyond the time that 

Reifenstein and Albright (35, 4l) reckon for the residual effect of estrogens 

to be expended, the patient had a recurrence of her symptoms with such alarming 

rapidity that the trial on calcium and vitamin D alone had to be stopped. This 

is rather good evidence that the role of dietary calcium, phosphorus, and vitamin 

Dis not one of stimulation of osteogenesis, but rather a physico-chem.ical 

role in speeding absorption of, and in supplying the inorganic material for, 

the calcification of bone. There does seem to be a greater utilization of cal­

cium with simultaneous administration of estrogen, however , so the recommendatim 

of a high calcium, high vita...trtin D diet is entirely justified (12, 15, 18, 21, 23, 

24, 35, 4l). The e],ysiological explanation may be that since estrogen stimulates 

the production of more matrix, there is an increased amount of newly formed bone 

that needs calcification and that with these salts being deposited, according to 

the law of mass action, the quantity being absorped by the blood will be and is 

greater . The caution of Albright (35) that excessive intakes of calciu.m and 
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phosphorus and of vitamin Dare not desired is well-taken by most clinicians 

in light of the possibility of causing hypercalcinuria with its attendant dang­

ers of urinary calculi and kidney damage (3 , 26} . It would hardly be worth 

the candle to treat the patient for osteoporosis and have the patient die of 

kidney damage . The doses used by Ghormley et al . (12, 24) were one teaspoon­

ful of tribasic calcium phosphate three times a day and a daily total of 10, 

000 to 50,000 units of vitamin D. The dosage of calcium used was only slight­

ly in excess of the actual daily requirements (0 . 5 to 1 . 0 grams a day) and the 

vitamin Dis in the range of dosages used to correct deficiencfe s . In addition 

foods high in calcium and phosphorus are recommended (12, 15 , 2.4) . 

Absolute immobilization must be avoided in osteoporotic patients to prevent 

a superimposed atrophy of disuse (1, 3, 5, 6, 12, 15 , 24, 35 , 40) . Braces and 

corsets as used by Ghormley (24} probably do not take the entire weight off of 

the spine and thus may allovr stresses and strains to stimulate osteoblastic 

activity. It seems definite that they do relieve the patient of a certain meas­

ure of pain . Coby (15) uses a more conservative approach and keeps his patients 

with fractures of the neck of the femur due to osteoporosis in berl for 3 or 4 

months and allows only partial weight-bearing nntil 6 months have elapsed after 

the fracture . This is a great deal more rest than i s given to those with spinal 

fractures, but the incidence of non-union is perhaps the deciding factor in the 

choice of amount of bed-rest. The intangible factor of the increase of a feel­

ing of well-being that results from ambulation goes a long way to-Nard dispelling 

psychoneurotic tendencies and the invalid complex seen so often in bed-fast 

patients . 

VIII . BRIEF COl.illENTS ON THE EFFECTS OF OTHER HOIDEONES ON OSTECGENESIS. 

a. Effects of Hormones on Osteogenesis in General . 

In an address before the Laurentian Hormone Conference in 1947 Fuller 

Albright (5) attenpted to 11cover the field 11 in a survey of the effects of 
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various hormones on osteogenesis. His summary, in chart form, will be repro­

duced here: 

HORMONE : ENDOCHONDRAL BONE : ENDOSTEAL BONE: PERIOSTEAL 
: (MEMBRANOUS) . : . 

No effect :No direet effect No effect 
Parathyroid . : (see remarks} . . . 

. . 
Thyroid : Stimulates :No direct eff- : No effect 

:ect(see remark): 
:: . . 

. . : . . . . . . . . 
"The II Growth : Stimulates :No good data : Stimulates 
Hormone . :(see remarks . . . 

. : . 
•· . 

Testosterone :: Stimulates :Stinru.lates : No effect 
Propionate and : . . . . 
Meth;y:l Testost.: . : . 
Estradiol Benzo: Large amount inhi-:Stimulates : No effect 
ate and Dipro-: bit; small amounts: : 
i!ionate : mai stimulate 
Progesterone : Insufficient data :Insuffic. data: Insuff. data . . . . 
Adrenal Cortie-: Inhibits :Inhibits 
al rrs II hormone : . . 
Adrenal Cortie-: Stimulates :Stinru.lates 
al 11N11 hormone : . . 
(1) Hormones stimulating osteogenesis include: 

(a) Estrogens :(see above) 

. . 
: Insuff. data 
: 
: No effect . . 

(b) Testosterone: (see chart above and text below) . 

: REMARKS. 

:Excess may leadl 
:to increased bone 
:destruction and 
:secondarily to 
:compensatory im-
:creased endosteal 
: bone formation • 
:Excess may leadi 
:to negative nit-
:rogen balance and 
:secondarily to 
: starvation oste o-
:porosis • 
:Dem:ineralization 
:in acromegaly 
:probably secon:l-
:ary phenomenon. . . 
: 
: 

: 

: 

: 

(c) Adrenal Cortical 11N1l hormone , i. e., a 17-ketosteroid hormone (5, 6, 15). 

(d) Thyroxin in physiological amounts (5, 28, 32} and when administered to 

correct a deficiency (28). 

(e) 11The 11 grow·th hormone of the pituitary (5, 10, 43) . 

(2) Hormones inhibiting osteogenesis include: 
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(a) Adrenal cortical "S 11 hormone , i.e. , an 11-o.xysteroid hormone (5 , 6) . 

(b) Excess of thyroxin, by exerting an unfavorable effect on the nitro­

gen balance ( 5, 10 , 28 , 32) • 

(c.) Adrenocorticotropic hormone (ACTH) of the pituitary, by causing in-

creasing production of adrenal cortical 11S 11 hormone (5 , 6, 9) . 

(3} The parathyroid hormone is not listed above as either stimulating or in­

hibiting osteogenesis. This is omitted because the secretion of the parathyroid 

is assumed to have an action primarily on the calcium and phosphorus metabolism 

(2, 5, 13 , 29 , 37, 38) and only secondarily on bone. It is noticed that there 

is no lack of bone matrix in osteitis fibrosis generalisata but a definite de­

mineralization of bone . The demineralization by weakaning bone causes an increare 

of stresses and strains on the bone . These are felt to be the stimulus for in-

creased osteoid formation, not any direct action by the parathyroid . This vimv 

is held by the group at the Harvard Medical School including Aub and Albright , 

whereas Collip of Montreal beli eves there is a direct action of the parathyroid 

on bone . It must be admitted that there are points in favor of each thesis , but 

the former seems to be better substantiated. 

Experimental work concerning estrogens and their effects on bone indicates 

that the effects of estrogen are not mediated through the parathyroid (_vide 

supra) . For the present discussion, therefore, the role of the parathyroids will 

be dropped summarily. 

b. The Role of Androgens in Bone Metabolism. 

Orchidectomy was found to increase the degree of bony atrophy in the male 

rat, an effect which was prevented by t he administration of large doses of tes­

tosterone propionate (7} . Bloom, McLean, and Bloom (14) found that androgens , 

as well as estrogens , are essential for the formation of medullary bone in ma.le 

pigeons v.rith inactive testes. Riddle and McDonald (38) , however, could not 
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produce an increase in the calcium or phosphorus level with androgens ir1 normal 

pigeons . In animals it may be assumed, therefore , that when a deficiency is 

present , androgens have a definite effect in bone formation. 

In the human, testosterone likewise has a definite role in bone metabolism. 

It has been found to stLnulate protoplasmic anabolism with retention of nitro­

gen, phosphorus , potassium and sulfur in the proportions in which they are found 

in protoplasm (5 , 6, 21, 35 , 41) . Stimulation of protoplasmic anabolism in 

osteoporotic diseases means stimulation of the osteoblasts to lay down osteoid 

tissue (5) . 

In the adaptation syndrome of Selye and Cushing 1 s syndrome testosterone 

gives beneficial results by overcoming the anti- anabolic effect of the adrenal 

cortical 11S 11 hormone by the introduction of an anabolic effect (5, 6, 35) . 

Even in Addison's disease where there is a decrease or absence of adrenal corti­

cal tissue and of adrenal cortical hormones testosterone has been found to cause 

nitrogen and phosphorus retention t6) . 

In postmenopausal osteoporosis testosterone , likewise , reduces the calcium, 

phosphorus , and nitrogen excretion (6, 33 , 35 , 41) . Shorr and Carter (41) noted 

an initial increase and a later decrease of the storage of nitrogen with contin­

ued administration of testosterone. Rei fenstein and Albright 05) , however , 

flatly state that in their cases the decrease in the urinary nitrogen excretion 

was marked and prolonged. 

The effect of androgens used in conjunction with estrogens in postmenopausal 

osteoporosis has been studied (5 , 35 , 40, 41) and the combination has been re­

ported to have a greater effect on the calcium, phosphorus, and nitrogen metabol­

ism than either alone (5 , 35, 41) . Dr. Mary S. Sherman (40) administered 100 

to 125 mgm. of testosterone propionate daily with estrogens to her patient but 

couJ.d find no perceptible change in the clinical or roentgenographic picture . 

However, since she used androgens only after estrogens had caused amelioration 
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of the clinical symptoms and the bones had become more dense to x-ray, this only 

means that no dramatic changes in these two factors were observed. At least 

there was no neutralizing effect noted in the sL~ weeks trial in her case. 

This brings up the observation of Halvorsen (25). He noticed that when 

estradiol benzoate and testosterone propionate were injected simultaneouszy 

in mice they seemed to neutralize each other in their effects on bone. In 

normal humans (41) the same neutralization of the effects of estrogens by andro­

gens as measured by vaginal smears was noted when the ratio of testosterone to 

estradiol was 50 to 1 by weight. It may be that in deficiency states that the 

dosages as used are not in the s~e ratio and that this partly accounts for 

the synergistic effect on the calcium, phosphorus , and nitrogen metabolism. 

Dosages of androgens employed by Reifenstein and Albright (35) in the 

treatment of osteoporotic diseases were 25 to 50 mgm. testosterone propionate 

daily intramuscularly and 40 to 100 mgm. methyl testosterone daily by mouth. 

Methyl testosterone appeared to be as effective as testosterone propionate . 

They usually give some form of testosterone for the first 6 to 12 weeks in post­

menopausal and senile osteoporosis. Coby (15) notes that the only methods 

clinically available at present for the production of new bone matrix is by 

using estrogenic and/or androgenic therapy coupled with a high nitrogen (pro­

tein) intake to achieve a positive nitrogen balance. 

In summary, testosterone exerts a eynergistic effect with estrogens on the 

calcium, phosphorus, and nitrogen metabolism in postmenopausal osteoporosis. 

Sd.nce it has a greater effect than estrogens in causing nitrogen retention and 

developing a positive nitrogen balance, it may be valuable as a supplementary 

agent in treating postmenopausal osteoporosis and may be necessary in the 

more recalcitrant cases to be used continuously, or until a favorable result 

has been assured. 
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IX.. SUMMARY. 

1. Postmenopausal osteoporosis is a metabolic disease in which hormonal 

deficiencies occurring in certain women as a consequence of the postmenopausal 

state produces an osteoporosis chiefly of the spine and pelvis. This osteo­

porosis is caused by too little bone formation due to failure of stimulation 

of the osteoblasts to lay down sufficient bone matrix. The matrix laid dmm 

is adequately calcified, thus it is only secondarily a disorder of mineral 

metabolism. The clinical, laboratory, pathological, and x-ray findings in 

postmenopausal osteoporosis are discussed. 

2. Estrogens induce a retention of calcium and phosphorus and place 

patients with postmenopausal osteoporosis in a positive calcium and phosphorus 

balance as long as the estrogens are administered. There is some residual effect 

lasting 30 to 50 days after estrogens are discontinued, but thereafter an 

exacerbation of the disease is noted if estrogens are not continued. 

3. Doses of estradiol benzoate sufficient to produce a positive calcium 

and phosphorus balance range from 1.66 mgm. every 3 days to a high of 3 .32 mgm. 

daily intramuscularly. Evidence is cited that the lmver dosage is as effective 

as the higher dose. Diethylstilbestrol, a synthetic estrogen, in doses rang­

ing from 1 to 15 mgm. daily by mouth is as effective as the natural estrogens 

in producing a positive calcium and phosphorus balance. The smaller doses of 

diethylstilbestrol appear, similarly, to be nearly as effective as the larger 

doses. 

4. Histological and roentgenological evidence that estrogens increase bone 

formation is mentioned. 

5. The action of estrogens in relieving subjective symptoms of pain and 

discomfort rather promptly was noted . 

6. Additional therapy recommended in postmenopausal osteoporosis includes 
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a high protein, high calcium diet with added vitamin D. The dangers of absolute 

i mmobilization are stressed and recommendation is made that bed rest , braces , 

and corsets be used cautiously to avoid superimposed atrophy of disuse . 

7. Androgens stimulate protoplasmic anabolism and in postmenopausal osteo­

porosis cause retention of nitroeen, phosphorus , potassium and sulfur in•the pro-
-

portions found in protoplasm. They reduce calcium excretion, like estrogens , 

but to a lesser extent . 

8 . Androgens used with estrogens have a synergistic effect and the combin­

ation has a greater effect on the calcium, phosphorus, and nitrogen metabolisn1 

than either used alone . The possibility that androgens may be valuable as a 

supplement t o estrogen therapy in postmenopausal osteoporosis is mentioned . 

-31-



,.. 

X . REFERENCES: 

1. Albright, F.; Bloomberg, E.; and Smith, P. H. : Transactions of the Assoc. 
of Am. Phys . , 55: 298-305, 1940. Postmenopausal osteoporosis . 

2. Albright, F.; Burnett, C.H.; Cope, O.; and Parson, W. : J . Clin. Endocrin­
ol. 1: 711-716, 1941. Acute atrophy of bone (Osteoporosis) simulating hyper­
parathyroidism. 

3 . Albright, F. ; Smith, P. H.; and Richardson, A. M. ~ J . A. M. A. 116: 2465-
2474, May 31, 1941. Postmenopausal osteoporosis; its clinical features . 

4 . Albright , F.; Smith, P. H. ; and Fraser , R.: Am. J . Med . Sci . 204: 625-648, 
1942. A syndrome characterized by primary ovarian insufficiency and decreas­
ed stature: Report of 11 cases with a digression on hormonal control of 
axillary and pubic hair. 

5. Albright , F. : Recent Progress in Hormone Research: Proceedings of the 
Laurentian Hormone Conference , 1: 24-56, 1947. The effect of hormones on 
osteogenesis in man. 

6. Albright, F. ~ Ann. Int . Med. 27: 861- 882, 1947. Osteoporosis . 

7. Armstrong, W. D. ; Kn011lton , M. ; and Gauze , M.: Endocrinology, 36: 313-322, 
1945 . Influence of estradiol and testosterone propionates on skeletal atropqy 
from disuse and on normal bones of mature rats . 

8. Avery , T. B. ; Scott, H. M. ; and Conrad, R. M.: Endocrinology 27: 83- 86, 
1940. Blood calcium levels of the fowl following injections of theelin . 

9. Baker, B. L.; and Ingle , D. J .: Endocrinology 43: 422-429 , 1948. Grmvth 
inhibition in bone and bone marrow following treatment with adrenocortico­
tropin (ACTH) . 

10. Bell, G. H. ; and Cut hbertson, D. P.: J. Endocrinology 3: 302-309, 1943 . 
The effect of various hormones on the chemical and physical properties of 
bone . 

ll. Benjamin, H. R.; and Hess , A. F. : J . Biol . Chem. 103: 629-641, 1933. The 
forms of the calcium and inorganic phosphorus in human and animal sera: 
III . A comparison of physiological and experimental hypercalcemia . 

12. Black, J . R. ; Ghormley, R. K. ; and Camp, J. D.: J . A. M. A. 117: 2144-
2150, Dec . 20, 1941. Senile osteoporosis of the spinal colwnn. 

13 . Bloom, W. ; Bloom, M. A.; and McLean, F. 'c. : Anat . Rec. 81: 443-475 , 1941. 
Calcification and ossification. Medullary bone changes in the reproductive 
cycle of female pigeons . 

14. Bloom, M.. A.; McLean, F. C.; and Bloom, W. : Anat . Rec . 83: 99- 120, 1942. 
Calcification and ossification. The formation of medullary bone in male 
and castrate pigeons under the influence of sex hormones . 

-32-



15. Cobey, M. C.: M. Ann. District of Columbia 18: 243, 1949. Fractures of 
the neck of the femur due to osteoporosis. 

16. Cuthbertson, D. P.: Biochemical J. 24: 1245-1263, 1930. The disturbance 
of metabolism produced by bony and non-bony injury, with notes on certain 
abnormal conditions of bone . 

17. Day, H. G.; a.~d Follis, R.H., Jr.: Endocrinology, 28: 83-93, 1941. 
Skeletal changes in rats receiving estradiol benzoate as indicated by histo­
logic studies and determinations of bone ash , serum calcium and phosphatase . 

18. Eaton, J.C.: Glasgow Med. Journal 27: 93-108, 1946. The influence of 
the endocrines on the skeleton. 

19. Ely, J. O;; and Phillips, R. L.: Endocrinology: 27: 661-663, 1940. The 
effect of alpha estradiol benzoate on the skeletal development of immature 
rats. 

20. Emerson, K., Jr.; and Beckman, W. W.: J. Clin. Invest. 24! 564-572, 1945. 
Calcium metabolism in nephrosis: I. A description of an abnormality in 
calcium metabolism in children with nephrosis. 

21. Fitzhugh, G.; Bigelow, F., et al.:: Am. Practitioner, 2: 829-832, 1948. 
Osteoporosis. 

22. Gardner, w: . u.; and Pfeiffer, C. A.: Physiol. Revievr, 23: 139-165, 1943. 
Influence of estrogens and androgens on the skeletal system. 

23. Geschickter , c. F.; and Byrnes, E.W.: J. Clin. Endocrinol. 2: 19-25, 1942. 
Stilbestrol monomethyl ether; report on its clinical use. 

24. Ghormley, R. K.; Sutherland, C. G.; and Pollock, G. A.: J. A. M. A. 109: 
2111-2115, 1937. Pathologic fractures. 

25 . Halvorsen, D. K.: Trans. of the First Conf. on Metabolic Interrelations, 
180-183, 1949. The effect on bone of prolonged treatment with steroid 
hormones . 

26. Herrmann, J.B.; Kirsten, E.; and Krackauer, J.E.: J. Clin. Endocrinol. 
9: 1-12, 1949. Hypercalcemic syndrome associated with androgenic and estro­
genic therapy. 

27. Hovrard, J.E.; Parsons , ~.; and Bigham, R. s., Jr.: Bull. Johns Hopkins 
Hosp. 77: 291-313, 1945. Studies on patients convalescent from fracture . 
III. The urinary excretion of calcium and phosphorus . 

28. Johnston, J. A.: Am. J. Dis. Children 62: 708-715, 1941. Factors influ­
encing retention of nitrogen and calcium in period of growth: IV. Effect 
of estrogen. 

29 . Kay, H. n.: Physiol . Rev. 12: 384-422, 1932. Phosphatase in growth and 
disease of bone . 

-33-

~ 



30. Kyes, P.; and Potter, T. S.: Anat . Rec . 60:: 377-379, 1934. Physiological 
marrow ossification in female pigeons . 

31. Lippman, H. N. : and Saunders, J . B. de C. M. : J . Endocrinol . 3: 370- 83 , 
1944. Nature of hyperossification observed in long bones of _rats treated 
with excessive doses of estradiol benzoate . 

32. McDonald, M. R.; Riddle , 0.; and Smith, G. C. : Endocrinology 37: 23-28, 
1945. Action of thyroxin on estrogen- induced changes in blood chemistry and 
endosteal bone . 

33. McLean, F. C. : 
114-117, 1947. 

Trans. Conf . on Met~b. Aspects of Conval., 15th Meeting: 
Further studies on the mechanism of the effect of estrogen 

on bone . 

34. Marlow, H. W.; and Richert, D.: Endocrinology 27:: 274-278, 1940. Avian 
estrogens and blood calcium. 

35 . Reifenstein, E. c., Jr .; and Albright , F.: J . Clin. Invest . 26: 24- 56, 
1947. The metabolic effeets of steroid hormones in osteoporosis . 

36. Riddle , O.; and Reinhart , W. H. : Am. J . of Physiol . 
Studies on the physiology of reproduction in birds . 
changes in the reproductive cycle. 

76: 
XXI. 

660- 676, 1926. 
Blood calcium 

37. Riddle , o. ; Rauch, V. M. ; and Smith, G. C. :: Endocrinology 36: 41-47, 1945 . 
Action of estrogen on plasma calcium and endosteal bone formation in para­
thyroidectomized pigeons . 

38. Riddle, O. ; and McDonald, M. R.: Endocrinology 36: 48-52, 1945. The 
partition of plasma calcium and inorganic phosphorus in estrogen-treated 
normal and parathyroidectomized pigeons . 

39. Segaloff, A. ; and Cahill, W. M. : Proc . Soc . Exper. Biol. and Med . 54: 
162-163, 1943 . Endosteal bone deposition in femurs of vitamin D deficient 
mice treated with estrogen. 

40 . Sherman, M.. s.~ J . Bone and Joint Surg. 30A: 915- 930, 1948. Estrogens 
and bone formation in · the human female . 

41. Shorr , E. ; and Carter, A. C. : Trans . Conf. on Metab . Aspects Conval . , 
15th Meeting: 99-113, 1947. Studies on the effect of estrogens, androgens, 
and vitamin D-2 on the calcium and the strontium metabolism. 

42. Silberberg, M.; and Silberberg, R. : Archives of Path. 28: 340-360, 1939. 
Action of estrogen on skeletal tissues of immature guinea pigs. 

43 . Silberberg, M. ; and Silberberg, R. : Am. J . of Path. 16: 491-504, 1940. 
Effects of ovariectomy and long continued adrrdnistration of anterior pit­
uitary extract of cattle on skeletal tissues of immature guinea pigs. 

44. Silberberg, M.; and Silberberg, R.: Archives of Path. 36: 512- 534, 1943. 
Influence of endocrine glands on growth and aging of the skeleton. 

-34-



45 . Tuba, J.; Baker, D. B. ; and Cantor, M. M".: Canad. J. Res ., Sect . E, 27: 
202-209, 1949. The relationship of serum phosphatases to sex hormones . 

46. Urist , M. R.; Budy, A. M.; and McLean, F. C.: Proc. Soc. Exp. Biol. and 
Med. 68: 324-326, 1948. Species differences in the reaction of the mammal­
ian skeleton to estrogens. 

-35-

;"Ill 


	Estrogen therapy in postmenopausal osteoporosis
	Recommended Citation

	tmp.1674236523.pdf.sTBBd

