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Treatment of osteoporosis: current and future

Political parties are always seeking the 'big idea' which will
encapsulate their philosophy and catch the imagination of
the electorate. This is a general phenomenon, and as
evidence accumulates that preventive therapy is effective
the 'big idea' in osteoporosis shifts to the- treatment of
established disease. The strategies which will be needed,
however, differ fundamentally from those which have been
so successful in prevention.

Bone architecture and the response to treatment
Osteoporosis is a disorder of remodelling,' which involves
not only a loss of bone but in many cases a destruction of the
trabecular elements themselves.' 2 In particular, selective
destruction of horizontal bracing trabeculae leads to a
reduction in the mechanical strength of bone out of
proportion to the amount of bone removed.
The aim of preventive treatment is to maintain bone mass

on the reasonable assumption that this will preserve bone
architecture and its mechanical integrity. The problem with
established disease is that although treatment may shift the
remodelling process towards net bone accretion and increased
trabecular width, the mechanical strength of bone may not
be significantly increased unless trabecular continuity is
restored.3 These considerations also have important
implications for the way in which the response to treatment
is monitored. Although measurement of bone mineral
density is a reasonable way of assessing the effectiveness of
preventive treatment,4 it will not reflect the consequences
of, nor changes in, the altered bone architecture of
established osteoporosis. Treatment of the established
disease needs to be judged by its effect on fracture rate.
These differences are well illustrated by the recent

studies of the use of sodium fluoride5 and disodium
etidronate6 ' in the treatment of established osteoporosis.
Although sodium fluoride produced impressive changes in
bone mineral density, the incidence of vertebral crush
fractures was not improved. In contrast, disodium etidronate
had only a very modest effect on bone mineral density but
did seem to reduce the rate of vertebral deformation.

Preventive treatment
Oestrogen replacement therapy shows a dose dependent
effect8 9 on the reduction of postmenopausal bone loss'0'2
and fracture risk.'5 To be effective in preventing fractures
it probably needs to be taken for five to 10 years,3 and this
presents problems with uptake of, and compliance with,

treatment. Although there is considerable interest in
hormone replacement therapy among women,'6 the actual
uptake may only be 20% with bias towards social classes I
and II."' Older women are less likely to accept treatment,'8
even though there is evidence that bone loss can be
prevented, at least up to the age of 70 years.'9 20 There is a
surprising paucity of data relating to the long term
compliance with hormone replacement therapy, but
compliance may be as low as 30%.21 Regular menstrual
bleeding is a major disincentive,22 though this is clearly not
a problem for the 17-35% of the British or American target
population who have already had a hysterectomy.23 24
Combination of continuous progestogen with oestrogen may
offer freedom from regular bleeding.'9 25 and may help
compliance provided that it is shown that the progestogen
regimen has no adverse effects either on bone or cardio-
vascular risk.

Treatment of established osteoporosis
Bone mass may be increased either by inhibition of bone
resorption or by stimulation of formation. This may not
prevent fractures in established osteoporosis, however,
unless treatment also influences the architectural distortion
which is inherent in the osteoporotic process. Bisphosphon-
ates or other osteoclast inhibitors can be used to inhibit and
uncouple the initial short phase of osteoclastic resorption
from the longer phase of bone formation.26 27This results in
a transient gain of bone whose magnitude decreases with
time as bone formation declines to match the reduced rate of
resorption. Two recent double blind placebo controlled
studies using cyclical disodium etidronate suggested that
although the increment of bone mineral density was a
modest 2-3% a year, there was also a reduction in the
incidence of new vertebral fractures.6 7 This latter effect
may be due to a reduction in the activation frequency ofnew
bone remodelling units, which in turn reduces the chance
with which already thin trabecular plates may be perforated
with a consequent loss of mechanical strength.

Neither study was without problems: both used a semi-
quantitative assessment of change in vertebral configuration
without direct measurement. In the three year study6 26/66
(39%) patients left because of non-compliance, although in
the other7 369 (86%) of the 429 women completed two
years. The small study size was reflected in a failure to show
an overall benefit for etidronate after three years, though
fracture rates were significantly reduced if the last 90 weeks
of treatment were analysed separately. In the larger study
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etidronate reduced the incidence of new spinal fractures,
and this was most obvious in those with the lowest
pretreatment spinal bone mineral density. Non-vertebral
fractures (n=67) were evenly spread through the placebo
and treatment groups, though it was ironic that six out of
nine osteoporotic fractures (hip, pelvis, wrist) occurred in
the etidronate treated group.

Although both studies used a cyclical etidronate regimen,
the prolonged half life of bisphosphonates in bone makes it
doubtful that these effects were due to a transient rather
than a sustained depression of osteoclastic resorption.
Indeed, continuous administration of pamidronate (APD)
apparently results in a sustained increase in bone mass over
several years.27 It does seem that despite continued
bisphosphonate treatment bone turnover does not become
completely suppressed but reaches a plateau value after
several months' treatment.27 28 The treatment free period
with etidronate may be important as one study using a free
period of just eight weeks actually showed a decrease in
bone density over two years, whereas the control group
showed no change.29 This may be related to the greater
inhibition of osteoblastic activity seen with etidronate
compared with newer bisphosphonates.3>32 This serves to
emphasise that individual bisphosphonates may have dif-
ferent profiles of activity which may be important in
treatment.32
A potential pitfall in bisphosphonate treatment is that by

reducing bone turnover, a progressively greater proportion
of the skeleton will be composed of old bone making it more
liable to fatigue fractures that might not be repaired
quickly enough to avoid complete fractures.33 Thus after
several years' treatment the benefits of any maintenance or
increase in bone mass might be lost owing to the increased
possibility of fracture. These studies with bisphosphonates
are important because they show that reductions in fracture
incidence may not only depend on changes in bone mass but
also may include an element of architectural change.
Clearly, longer term data are needed before their use
becomes widespread.
Sodium fluoride is the other major contender for treat-

ment of established osteoporosis and provides interesting
comparisons with the bisphosphonates. Fluoride is mitogenic
for osteoblasts, and several studies have shown that bone
mineral density increases by 8-10% a year.5 3 Doses of
50-75 mg/day produce serum fluoride concentrations of
5-10 iimol/l.5 36 Several studies have shown a significant
prevalence of side effects, which include nausea, vomiting
or epigastric pain, and the leg pain syndrome. These effects
can be minimised or avoided by using lower doses or slow
release preparations.35 36 The critical issue is whether
fracture rate is influenced by treatment. Two recent large
four year prospective, double blind, placebo controlled
trials of sodium fluoride failed to show a statistically
significant reduction in vertebral crush fractures.5 37 Of
much greater concern was the increase in non-vertebral
fractures,5 34 38 and this raises the issue of whether the
anabolic effect of fluoride on trabecular bone is essentially
linked to loss of cortical bone.5 34 3 Measurement of bone
mineral density at the hip may not resolve these problems
because loss of cortical bone may be obscured by an increase
in the trabecular component. The fracture propensity may
be further increased by a qualitative defect in fluoride
treated bone which includes increased crystallinity, decreased
elasticity, and tensile strength.' Although slow release
formulations may reduce the incidence of side effects,36 the
lack of a relation between serum fluoride concentration and
fracture rate suggests that dose manipulation will not solve
the problems of axial and cortical bone balance.
The opposing effects of fluoride on bone quality and

quantity and fracture incidence may also influence the

optimum duration of treatment. In the Mayo Clinic study5
treatment did not increase the time to the first new vertebral
fracture, though the relative risk of this event showed the
maximum reduction at the end of the second and third years
of treatment. Previous studies showing beneficial effects on
fracture rate34-36 have been of two to three years' duration,
and this aspect of fluoride treatment warrants further
examination. Severity of osteoporosis does not seem to be a
factor in the conflicting effects on fracture rate. It might be
supposed that some patients have experienced such severe
bone loss that the increments produced by fluoride were
insufficient to exceed the fracture threshold, particularly as
this might be raised as a consequence of the qualitative
defect of fluoride treated bone. Treatment and placebo
groups, however, have generally been well matched for
clinical severity35 and bone mineral density,5 and in one
study those with the most severe osteoporosis showed the
most impressive increments in bone mineral density.39 Thus
the current role of sodium fluoride remains uncertain, but
its use should be avoided in patients with significant cortical
osteoporosis.

Future treatments
There has been considerable recent interest in the way that
the major calcium regulating hormones affect bone remodel-
ling by modulating local growth fracture production or
function.41 42 Experience from pathological bone remodel-
ling in Paget's disease or carcinoma of the prostate shows
that under appropriate circumstances there may be prolifer-
ation of trabecular elements and modification of bone
architecture. There is also -experimental evidence in dogs
that aluminium salts lead to neo-osteogenesis with an
increase in trabecular plate number and spinal bone
density.43 There are, however, a number of obstacles to the
use of local bone growth factors in the treatment of
established osteoporosis. Because their actions are not
specific to bone their delivery to the remodelling surface
must be targeted to avoid systemic side effects. Alternatively,
their local release can be stimulated by the systemic
administration ofhormones or drugs. Finally, the complexity
of the interrelations between the rapidly expanding number
of local regulators of bone remodelling makes it more
difficult to identify optimal therapeutic regimens.
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