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MEDICAL PRACTICE

Contemporary Themes

Treatment of spinal osteoporosis in postmenopausal women
B E C NORDIN, A HORSMAN, R G CRILLY, D H MARSHALL, M SIMPSON

Summary and conclusions

Ninety-five postmenopausal women with unequivo-
cably wedged or compressed vertebrae in whom the
recognised causes of secondary osteoporosis had been
excluded were studied, 41 having no treatment and the
rest one or more of six different treatments. The
treatment regimens comprised calcium supplements,
vitamin D, calcium and vitamin D, ethinyloestradiol or
-where oestrogens were contraindicated-norethister-
one, 1 a-hydroxycholecalciferol (1 ocOHD,), or hormones
with lIoOHD,. The seven groups were reasonably com-
parable in most respects except that the hormone-
treated patients were younger and had a higher initial
cortical area ratio than the others, and the calcium- and
hormone-treated groups had the best initial radio-
calcium absorption. The untreated osteoporotic patients
lost cortical bone more rapidly than do normal post-
menopausal women. Three treatments (calcium, hor-
mones, and 1 OHD, plus hormones) appear to be useful
in modifying the disease, and two treatments (vitamin
D and l1tOHD,) useless or even harmful. Vitamin D and
1 ocOHD, are more safely used in conjunction with
oestrogens, which protect bone against resorption, than
on their own.

The treatment of postmenopausal spinal osteoporosis remains
controversial and unsatisfactory. Treatments advocated include
oestrogens, calcium, fluoride, anabolic agents, calcitonin, vita-
min D, and vitamin D metabolites, alone and in various com-
binations.' Objective data are lacking on the short- and long-
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term benefits of all these treatments, nor is there any general
agreement on the criteria whereby therapeutic efficacy can be
judged.
We have reported the effect of oestrogen treatment and cal-

cium supplements on bone loss in normal postmenopausal
women.2 3 These reports agree with those of other workers4 6 in
showing that, in normal women, oestrogens virtually prevent
postmenopausal bone loss, as assessed by radiographic morpho-
metry and photon absorptiometry, and calcium supplements
also reduce the rate of loss of bone, though not as effectively as
oestrogens. We now report the effects of these and other treat-
ments on calcium balance, metacarpal bone loss, and vertebral
compression in osteoporotic postmenopausal women. Since
malabsorption of calcium features in many of these cases,6 7 the
treatments we have tested include vitamin D and its metabolites
in addition to calcium and oestrogen.

Material and methods

We studied 95 postmenopausal women with unequivocably wedged
or compressed vertebrae in whom the recognised causes of secondary
osteoporosis had been excluded; 41 were untreated and the rest had
one or more of six different treatments. We report 160 calcium balances
in 52 of these cases, vertebral compression rates in 137 observation
periods in 87, and metacarpal bone loss in 165 observation periods
in the whole group.
The treatment regimens comprised: calcium supplements in the

form of three Sandocal tablets-that is 1-2 g of elemental calcium
daily; vitamin D in doses of 10 000-50 000 units daily; calcium and
vitamin D in the same doses; ethinyloestradiol, normally in a dose of
25 [kg daily for three weeks out of four, or norethisterone, 5 mg daily,
in cases where oestrogens were contraindicated; 1 a-hydroxychole-
calciferol (1 xOHD3) in doses of 1-2 Hg daily, and, finally, a combina-
tion of hormone treatment and 1 OHD3. The calcium and hormone
treatments were given to patients with good calcium absorption. The
allocation of the other treatments was entirely arbitrary. The untreated
group comprised patients who were observed untreated for a year
before treatment started or who defaulted after their initial attendance
and were later asked to attend for follow-up.

In all cases radiocalcium absorption was measured initially by the
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single isotope method8 and hand radiographs were obtained to deter-
mine the cortical area ratio (CA/TA) of the second metacarpal of the
right hand.9 Calcium balances were performed on an intake of about
20 mmol (40 mEq)/day, polyethylene glycol being used as the non-

absorbable marker.10
Hand radiographs for sequential metacarpal morphometry were

obtained at annual intervals or when treatment was changed. In
addition, lateral radiographs of the thoracic and lumbar spine were

taken at intervals of about a year in most of the patients. Changes in
mean metacarpal cortical area (ACA mm2) were calculated from dupli-
cate measurements (made by a semi-automated method") of medul-
lary and total width at the mid-points of the 2nd, 3rd, and 4th
metacarpals of both hands. In the evaluation of a group mean rate of
change of CA the individual rates of change are weighted with the
corresponding times of observation. The weighted mean rate of
change computed with this weighting factor is numerically equal to
the sum of the changes, EACA, divided by the total number of patient
years within the group, >2At.

Changes in the vertebrae were established by vertebral body
morphometry as described elsewhere.9 This method allows wedging
and collapse of vertebrae to be objectively defined and permits the
calculation of a spine score, S, to which each wedged vertebra con-
tributes 1 and each compressed vertebra 2; changes invertebral status
are expressed as AS. (Negative ACA values indicate bone loss and
positive AS values deterioration of the spine.) Changes in calcium
balance were determined by repeating the balance on the same intake
as the basal balance (except when calcium supplements were given)
after not less than three months of treatment.

Results

Table I shows the initial data on the entire series. The seven groups

were reasonably comparable in most respects, except that the hormone-
treated women were younger and had a higher initial CA/TA than
the others, and the calcium- and hormone-treated groups had the
best initial radiocalcium absorption.
The weighted mean rates of change of CA in the seven different

groups are given with their standard errors in table II, and the
individual results are shown as cusums in figs 1 and 2. The weighted
mean rate of change of CA was positive in the hormone-treated group

and those treated with hormones and 1 cOHD3 and only slightly
negative in the calcium-treated group. In none of these three groups

was the rate of change significantly different from zero and in the
first two, but not the calcium-treated group, the rate was significantly
different from the rate of change in the untreated group. The mean

rate of change in the untreated patients (-0.26 mm2/year) was
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FIG 1-Cumulative sequential changes in mean cortical area of metacarpals
of postmenopausal women with spinal osteoporosis treated with calcium,
vitamin D, or calcium+vitamin D. The untreated group is also shown.
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FIG 2-Cumulative sequential changes in mean cortical area of metacarpals
of osteoporotic postmenopausal women treated with hormones, lcOHD3,
or hormones+1 ocOHD3. The untreated group is shown for comparison.

TABLE I-Initial data on all patients (mean values ± SE)

Pretreatment Pretreatment
No of Years since Height Weight radiocalcium metacarpal

Treatment patients Age menopause (cm) (kg) absorption cortical area
(fraction/hour) ratio (CA/TA)

Hormones+la1.. 19 651±15 197±25 1553±24 561±20 043±005 069±002
Hormones .16 571±18 121+19 159'8+12 589r24 065±007 076±003
Calcium.. 20 643±19 181+18 153.1+1±7 587±25 068±006 071±002
Ca+vit D .23 70.2±1.9 22 6±2 2 151 7±1-7 58 7±21 0 54±0 10 0 66±0 02
Nil .41 65 5+1-3 20.7+1.6 152 8+1 5 580±15 0 58±0 05 0 69±0 02
1c. 21 672+1 8 217+20 1549±23 562±15 045±006 070±002
VitaminD .25 68 3±117 23 9_2 2 152 1+±19 56 7±24 0 48±0 08 0 67±0 02

TABLE II-Changes in mean metacarpal cortical area on different therapies (tabulated in descending order of benefit)

Rate of change of
No of Patient years Total change in cortical area Pt p

Treatment patients (Y2At) cortical area (YACA/EAt mm2/year) 0 Nil
(EACmm2) mean ± SE

Hormones+l a .19 34 8 + 5 2 +0 15 ±0 10 NS <0.01
Hormones. 16 36 7 +5 3 +0 14±0 11 NS <0 025
Calcium .20 55 2 -3 3 006±0 06 NS NS
Ca+vit D .23 66 8 -15 0 -0 22±0 08 <0 01 NS

Nil.41 714 -184 026±009 <0005
1c. 21 32.7* -9.1 -028±0 11 <0 025 NS
Vitamin D .25 56 8 -27 5 048±0 10 <0 001 NS

* Including four patient years on 1,25(OH)2D3.
t Tests of rate of change against zero.
t Tests of rate of change against untreated group.
NS = Not significant.
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TABLE III-Increases in spine score on different treatments

Pretreatment Total increase Rate of increase of
No of spine score Patient in spine spine score Pt p $

Treatment patients (S) years score (EAS/YzAt points/year) 0 Nil
mean ± SE (Y2At) (LAS) mean ± SE

Hormones + lo. 17 6 4±1 0 33 1 7 0 21 ±0 14 NS NS
Hormones 15 48±12 32 9 12 0 37±0 25 NS NS
Calcium. 17 5 3±08 47 2 0* 0 NS NS
Ca+ vit D 20 5 1 ±0 6 59.1 3 0 05 ±0 18 NS NS
Nil 32 4 9±0 6 45 8 17 0 37 ±0 28 NS
1 ..19 42±05 304 18 059±031 NS NS
Vitamin D 17 49±11 348 33 095±030 <001 NS

* There was a non-significant decrease in spine score in this group.
t Tests of rate of increase against zero.
$ Tests of rate of increase against untreated group.
NS = Not significant.

TABLE IV-Initial and final calcium balance on six different treatments

Basal balance Final balance p* Pt p $
Treatment No of (mmol/day) (mmol/day) 0 Nil

patients mean ± SE mean ± SE

Hormones +l ... 11 -245±035 015±040 <0005 NS <0.001
Hormones .13 -2 65±0 55 -0 80±0 52 <0 02 NS <0 02
Calcium .12 -0 85±0 62 -0 60±0 75 NS NS <0 02
Ca+vit D .8 -2 70±0 75 -2 10±102 NS NS NS
Nil . . 52 - -2 30±0 28 - < 0001 -
l . . 15 -2 10±0 50 -2 20r049 NS <0 001 NS
Vitamin D .21 -255±045 -200 ±040 NS <0001 NS

* Paired test between basal and final balance.
t Test of final balance against zero.
$ Test of final balance against untreated group.
NS =Not significant.

significantly different from zero and rather more negative than the
value we have previously reported in normal postmenopausal women
(-0 14 mm2/year)."2 The rate of bone loss in the groups treated with
1 ocOHD3 and with calcium plus vitamin D was close to the rate in
the untreated group and in the vitamin-D-treated group was faster
than the rate in the untreated women, though not significantly so
(p<O-1).

Treatment
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FIG 3-Mean calcium balance (± 1 SE) in each treatment
group.

Table III shows the changes in spine score, together with the pre-
treatment scores and the number of patient years of observation of the
spine. There was no spinal deterioration in the calcium-treated group
and only very slow deterioration in the groups treated with calcium
plus vitamin D and with hormones plus 1 xOHD3. There was more

rapid spinal deterioration in the untreated women and in the groups
treated with hormones or with 1 otOHD3, and (particularly) with
vitamin D. The variability in deterioration between individuals, how-
ever, is such that the rate of deterioration was significantly different
from zero only in the vitamin D-treated group, though it was almost
significant in the 1 xOHD3-treated group (p< 0-.1).
The balance data can be looked at in two ways-the improvement

in balance and the final result (table IV). Only two of the treatments
significantly improved calcium balance-hormones with 1 xOHD3
and hormones alone. When the balances during treatment were com-

pared with the total group of balances in untreated women, both
hormone-treated groups and the calcium-treated group showed
significantly more positive values. Only the untreated group and those
given vitamin D and oOHD3 alone were in significantly negative
balance. The equivocal results of the balances in women taking

calcium supplements are thought to be due to the increased errors
inherent in calculating individual balances. (Precision of the calculated
balance decreases with increasing calcium intake.)

Discussion

Our untreated osteoporotic patients were in severe negative
calcium balance, lost cortical bone more rapidly than normal
postmenopausal women do, and developed vertebral wedging
or compression episodes at a rate of about one episode every
three years. Certain treatments appeared to modify the course
of the disease, and the general agreement between the three
criteria we have used to assess therapeutic benefit suggests that
the data are reasonably valid in this respect. By all criteria-
cortical bone loss, compression fracture rate, and calcium balance
-three treatments (calcium, hormones, and 1 tOHD, plus
hormones) appear to be useful, and two treatments (vitamin D
and 1 tOHD,) useless or even harmful. The usefulness of
vitamin D combined with calcium is uncertain because in this
group the three criteria of benefit do not agree-the balances
suggest no benefit, the metacarpal data some benefit, and the
spine data considerable benefit.
These results are unlikely to be due simply to selection of

cases. The initial data show that the groups were very similar in
most respects, and such initial differences as existed cannot
account for these results except possibly in the calcium-treated
group, which started with the least negative balance. In the
remainder comparison of the bone data with the balance data
shows how much better the sequential bone results agree with
the treated than with the pretreatment balances. Nor can the
sequential data be explained in terms of the initial bone measure-
ments, radiocalcium absorption tests, age, or any other variable
that we have measured. Probably therefore hormone treatment
retards bone loss in osteoporotic postmenopausal women just
as it does in normal women3; in fact there was a slight though
not significant gain of bone in this group and also in the group
on the combined hormone plus 1oOHD, treatment. In terms of
peripheral bone changes there is nothing to choose between
these two treatments, but balance studies suggest that hormones
alone are inadequate in patients with malabsorption of calcium
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and that vitamin D metabolite treatment alone is inadequate in
cases with severe oestrogen deficiency; on this criterion, the
combined treatment is the best.'2 Though the metacarpal data
show no benefit from the addition of 1 oOHD3 to hormone
treatment, the spine data suggest that it may be beneficial.
Longer periods of observation are required to establish whether
the combined treatment is in fact superior to oestrogen alone.

All three criteria suggest that calcium supplements are useful
if given to patients with normal calcium absorption; we cannot
extrapolate from these to osteoporotic patients with malabsorp-
tion of calcium, but we do have evidence (to be reported else-
where) that calcium supplements lower urine hydroxyproline
even in women with poor absorption. Probably therefore
calcium supplements will prove useful in osteoporotic post-
menopausal women irrespective of the absorptive state. The
combination of calcium with vitamin D has yielded rather
equivocal results and requires further evaluation.

Vitamin D and 1xOHD, seem to be useless or even harmful
when given alone in the doses used, but it remains possible that
smaller doses would be beneficial. Thus 10 000 units of vitamin
D increases calcium absorption without increasing bone
resorption,'3 and 1 tg of 1aOHD3 by itself may be beneficial
whereas 2 Ftg is harmful12; but we do not have sufficient sequen-
tial data on different doses of vitamin D and 1aOHD3 to sub-
divide these groups by dose. At present we must conclude that
it is wiser and safer to use vitamin D and 1xOHD3 in conjunc-
tion with oestrogens, which protect bone against resorption,
rather than alone. This is borne out by the incidence of hyper-
calcaemia in patients on l OHD, treatment, which we have
found to be not only dose related but also much more common
when this metabolite is given alone than when it is combined
with hormone treatment.'4
Some combination of calcium, oestrogen (or norethisterone

in cases where oestrogens are contraindicated), and vitamin D
or a vitamin D metabolite may therefore be the treatment of
choice in postmenopausal osteoporosis at present. Although
these treatments are designed only to prevent further deteriora-
tion, the data suggest that some patients may actually gain bone.
What is widely required is a single regimen that combines
safety with efficacy and can be administered without extensive
prior investigation to postmenopausal women with osteoporosis.
We think it likely that some combination treatment on the lines
we have suggested will meet these criteria.

Needless to say, stimulation of bone formation remains a
desirable objective, but even if an agent that achieves this can
be found re-expansion of crushed vertebrae can hardly be
expected. Prevention of osteoporotic fractures is therefore
extremely important but will be practicable only when the
population at risk can be defined. This may require a screening
programme that would select the women with the main risk
factors-probably low calcium absorption and low gonadal
hormone levels'5-or the development of spinal densitometry
to the point where prefracture osteoporosis can be diagnosed,
or both. Meanwhile further work is necessary to establish which
of the medical treatments available today is most effective in
established cases of spinal osteoporosis with compression
fractures.

Such medical treatment should, of course, always be combined
with supportive tr'eatments of other kinds. A spinal corset (but
not a heavy brace) is often helpful. The patient should be
taught to put a cushion in the small of the back when seated.
After painful compression episodes patients should be confined
to bed for two or three weeks, lying as flat as possible with the
spine supported. In particular, the medical attendant should
always be on the lookout for loin pain and tenderness due to
pressure of the rib cage on the pelvic brim (as a result of thoracic
kyphosis), which can be remedied only by surgical resection of
the lower costal cartilages. But in the longer term the success
or failure of medical treatment will determine the course of the
disease, and every effort to prevent further loss of bone is
worthwhile.

We acknowledge the help of Mr H B Bentley who carried out the
radiography, Mrs G M Waterhouse who performed the x-ray morpho-
metry, Mrs W Oldfield who performed the technical work on the
balances, and Mrs F Haines, the dietitian.
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Are the nzoise and flashing lights at discotheques a health hazard ?

Noise may cause deafness, and this is associated with degeneration of
the hair cells in the basal turn of the cochlea.' The risk of loss of
hearing is more likely the higher the sound pressure levels, the
greater the high frequency components, and the longer the exposure
time.2 Individuals vary widely in their susceptibility to damage by
noise, and the sufferer does not usually complain of deafness until
there is a permanent hearing loss of more than 30 dBA.3 Mean noise
levels in discotheques are 110 dBA, and transients reach 122 dBA,2
which exceed the auditory pain threshold of 120 dBA. Statistically
significant hearing losses have been found in young people who attend
pop music functions at least once a month,4 and two hours of exposure
to noise levels in discotheques causes a temporary threshold shift of
the audiograms in 160' of people.5 To prevent this temporary shift in
98%, of exposed people, the levels need to be reduced to 100 dBA.5
Musicians, however, refuse to play rather than submit to restraints of
amplification, fans object to interference, and people may benefit
socially from this entertainment.4 Staff working in discotheques can
be protected with noise-insulating barriers, by wearing ear muffs with
fluid-filled seals, and by reducing time spent near the loudspeakers.
For a few sensitive people, lights flashing with a flicker rate of 50 Hz
can induce grand mal epilepsy, bilateral symmetrical myoclonic jerks
without loss of consciousness, or petit mal attacks. Noise and flashing
lights may also cause headaches and irritability.

'Hammond V, Br MedJ3 1970;ii:523.
2Chadwick DL, Proc R Soc Med 1973;66:1078.
Latncet 1970;i:928.

'Hanson DR, Fearn RW, Lancet 1975;ii:203.
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