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Twenty-three postmenopausal women with a median of 2 years past menopause (range, 1 to 12 years)
and a median age of 52 years (range, 39 to 62 years) were recruited to participate In a longitudinal study
designed to Investigate the factors that influence the Increase In bone density with subcutaneous estradiol
and testosterone Implants. All women received 75 mg of estradiol with 100 mg testosterone
subcutaneously. Bone density was measurad at the spine and hlp by dual-photon absorptiometry before
therapy and after 1 year of subcutaneous hormonal therapy. The mean pratreatment bone density at the
lumber vertebrae and neck of the femur was 0.84 grams of hydroxyapatite per squara centlmer (SO, 0.11)
and 0.73 grams of hydroxyapatite per squara centimeter (SO, 0.10), respectively. The bone density at both
sites Increased with values of 0.91 grams of hydroxyapatite per squara centimeter (SO, 0.11) and 0.75
grams of hydroxyapatite per square centimeter (SO, 0.11), respectively. These values represent an
Increase of 8.3% (p < 0.0001) at the spine and 2.8% (p < 0.01) at the neck of the femur. The plasma
estradiol level Incressed from a median of 80.5 pmollL to 453 pmol /L (p < 0.001). The percentage
Incraaae of vertebral bone density was not related to age, number of years past the menopause,
pretraatment bone density, or serum testosterone levels, but a slgnlficent correlation was found between
the percentage Increase In bone density at the spine and the serum estradiol level (p <0.02, r '" 0.45).
(AM J OSSTET GVNECOL 1990;163:1474-9.)
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After Albright'S· observation that estrogen therapy
can reduce urinary calcium excretion in postmenopausal women a number of prospective studies confirmed the values of estrogen replacement therapy in
the prevention of postmenopausal osteoporosis.'''' Epidemiologic studiest'·· also showed a reduction in
the incidence of osteoporotic fractures with such
therapy.
Most studies used oral estrogen therapy, which although effective in the suppression of climacteric symptoms usually results in plasma estradiol and folliclestimulating hormone (FSH) levels that are still in the
postmenopausal range.' Although it has been claimed
that the minimum dose of oral estrogen required to
prevent postmenopausal osteoporosis is 0.625 mg conjugated equine estrogen' the optimal dose and route
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Table L Mean values of bone density at lumbar spine and neck of femur, body weight, blood pressu
and plasma hormone values before therapy and after 1 year of estradiol and testosterone implants
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this prospective study. The median number of years
~.the menopause was 2 (range, 1 to 12). Menopausal
status was defined as amenorrhea > 1 year's duration
with a ICrum FSH level >20 IU IL.
All women received hormone replacement therapy
by subcutaneous implants of 75 mg estradiol and 100
mg testosterone. A further implant of the same dose
of. estradiol and testosterone was given after 6 months
and again at 1 year.
Assays of FSH, estradiol, and testosterone were performed before treatment and at 1 year. The bone density was estimated in the spine of L2-4 and in the
neck of the right femur with a Novo 22A BMC-LAB
with gadolinium 153 as the source of radiation. The
absorptiometer was standardized with a solution raCIiologillaUy equivalent to hydroxyapatite, and the results were expressed as grams of hydroxyapatite per
unit projected area· of bone in square centimeters
(gHa/anl ). The precision of the machine with the use
of, llie phantom Was 0.69% and short-term precision
for nOl'mal su~jects was 2.04%. Measurements were
made before ihse~on of the hormone implant and at
12 months after therapy within 1 week of the insertion
of the third implant.
Statistical analysis. The bone density values before'
an~ after t~eatmer:lt approximated to a normal ClistrilJutibn and the increase was therefore ~~yzed with
the paired Student t test. The 'tiormon~ parameters
coula not ?e regarded as normally distributed and the
~ges were analyzed with 'the Wilcoxon matched~ signed~ratik test. The Spearman correlation coef1icient ',Yas calculated to express the relationship be-

tween the changes in bone density and
tradiol levels, serum testosterone levels,
of years past the menopause, and pretr
density.
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Fig. 1. Correlation between percentage increase in venebral bone density with plasma estrad
after I year of therapy with estradiol and testosterone implants.
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Fig. 2. Effect of pretreatment bone density on percentage increase in bone density with
and testosterone implants.

plasma estradiol levels achieved after I year of therapy(Fig. I, r = 0.45; p < 0.02). There was no significant correlation between the increase in bone density
arid the initial bone density (Fig. 2), age (Fig. 3), the
number of years past the menopause (Fig. 4), and the
serum testosterone level (Fig. 5).

Comment
These data show an increase of 8.3% in the bone
density at the spine and 2.8% at the hip after 1 year of
therapy with subcutaneous estradiol and testosterone
implants. Evidence from our cross-sectional study with
the use of the same method of bone densitometry reporting the vertebral bone density of 1.02 gHal cmt and
proximal femur values of 0.80 gHa/cm2 after 8 years
of such therapy'2 strongly suggest that this increase is
not transient and will be maintained over the years.
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eendent of the initial bone density. The correlation
between the percentage increase in bone density and
ibe serum estradiol levels supportS the hypothesis that
illegreater effectiveness of this mode of therapy may
lie a result of the higher serum estradiol levels achieved.
Oral estrogen therapy is associated with lower estradiol
belS and a less good skeletal response. I~
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at spine.

that bone can be replaced in both men and women
when plasma sex hormones return to normal physiologic levels.
The current recommended oral dosage of estrogens
will suppress menopausal symptoms and prevent further bone loss but the serum estradiol and FSH levels
achieved often remain in the postmenopausal range.'2
The dosage of orally administered estrogen may be
limited by gastrointestinal symptoms and the liver impact on estrogen metabolism. It is probable that the
safest way to achieve serum estradiol levels adequate to
produce significant increases in bone mass is by the
percutaneous route with either transdermal patches or
subcutaneous implants.
The mechanism by which estrogen deficiency causes
loss of bone remains unclear but the original Albright
hypothesis of an association with a generalized loss of
collagen including the collagenous matrix of the bone
and the collagen of the skin is relevant. The substantial
increase in vertebral spine density shown in this study
can be compared with the 30% increase in skin collagen
and a 25% increase in skin thickness that occurs in
postmenopausal women who receive percutaneous estradiol therapy." Only serial histomorphometric studies of bone biopsy specimens in these patients will reveal
whether the estrogen-promoted changes in skin collagen are reproduced in the collagenous matrix of postmenopausal women.
It is reassuring from this study that estradiol and
testosterone implants may not only prevent osteoporosis but will also be valuable in the older woman who
might believe that it is too late to commence estrogen
therapy. This therapy is also appropriate for the younger woman with premature ovarian failure who has
already suffered substantial bone los5.
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