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Mechanism of action of strontium ranelate: 
what are the facts? 
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Introduction

We read with great interest the commentary by Blake et al., Could
strontium ranelate have a synergistic role in the treatment of os-
teoporosis? which appeared in Journal of Bone and Mineral Re-
search in August 2009. These authors attribute the majority of the
mode of action of strontium ranelate to the incorporation of stron-
tium into bone. They go on to suggest that this mode of action could
act in synergy with other antiosteoporotic treatments, mainly bis-
phosphonates, thus providing greater benefits for osteoporotic pa-
tients, particularly in the long term. 
There is a substantial amount of evidence supporting the biological
dual mode of action of strontium ranelate that has appeared in the
medical literature in recent years. In fact, regarding bone-forming
mechanisms, strontium ranelate is known to increase in vitro os-
teoblast differentiation from progenitors, as well as osteoblast ac-
tivity and survival (1-4), and regulate osteoblast-induced osteo-
clastogenesis both in vitro (3, 4) and in vivo (5). Concerning bone-
antiresorbing mechanisms, strontium ranelate decreases osteo-
clast differentiation and activity, while increasing their apoptosis
(2, 6). In addition, the uncoupling of bone formation and resorp-
tion with strontium ranelate has also been studied in depth. In vivo
studies in intact animals, immobilization-induced osteopenia,
ovariectomy-induced osteoporosis, and spontaneously fractured
mice strongly support the hypothesis that strontium ranelate main-
tains or increases bone formation while inhibiting bone resorption
(7-13). Moreover, large-scale randomized trials with this drug have
shown results which are in accordance with this experimental data:
an increase in bone formation markers coupled with a decrease
in bone resorption markers in treated osteoporotic women (14, 15). 
On the other hand, there is also evidence of the benefits of stron-
tium ranelate on bone microarchitecture in different animal mod-
els. 2D and 3D histomorphometric analysis has demonstrated pre-
vention in the deterioration of bone microarchitecture with stron-

tium ranelate in ovariectomized rats, leading to a prevention of bone
strength decrease (8). Of interest, in transgenic mice overexpressing
Cbfa-1/Runx 2, a model of severe osteoporosis characterized by
accelerated bone turnover resulting in spontaneous fractures, stron-
tium ranelate significantly reduced the risk of new fractures. This
reduction in fracture incidence was associated with increased bone
mass due to improved trabecular microarchitecture and cortical
bone geometry (13). The cited failure of Fuchs et al. to observe
such benefits is most likely due to the use of inappropriate dos-
es in that study [the plasmatic strontium exposure was sixfold low-
er than the one obtained after a therapeutic dose and than the one
used in the Bain et al. study (8)] (16).
The influence of strontium ranelate on bone microarchitecture in
osteoporotic women has been the subject of a number of stud-
ies using a variety of techniques by independent academic groups,
with remarkably consistent results. Analysis of bone biopsies col-
lected after 3 years’ treatment with strontium ranelate shows im-
proved bone microarchitecture in both cortical and trabecular bone,
with no change in cortical porosity (17). Similarly, a recent analy-
sis of hip geometry in patients treated over 5 years demonstrat-
ed improved bone structure and increased bone strength at the
hip. The measurements were consistent across three different sites,
particularly regarding the increase in cortical thickness associat-
ed with strontium ranelate. Moreover, this benefit remained sig-
nificant after adjustment for bone mineral density, highlighting the
influence of this agent on bone geometry in osteoporotic patients,
independently of the presence of strontium in bone (18). Anoth-
er recent study compared the efficacy of strontium ranelate and
alendronate on bone microarchitecture after 1 year of treatment,
and clearly showed that strontium ranelate increases the cortical
thickness and bone volume (BV/TV) by comparison with baseline
status and with alendronate-treated women (19). Lastly, it is also
relevant to emphasize that bone mineral density continues to in-
crease after strontium saturation is reached in bone and even af-
ter stopping the drug (20).
The study by Recker et al., on which the commentary is based,
actually provides clear evidence that teriparatide and strontium
ranelate have similar efficacy on bone formation after 6 months
of treatment. The low power of the study cannot explain the non-
significant differences in the histomorphometric parameters be-
tween the two treatments, as this power was sufficient enough to
show a significant increase in a potential confounder of bone qual-
ity, cortical porosity, after only 6 months’ treatment with teriparatide.
Finally, increased formation does not necessarily mean “large in-
creases”, the fact that strontium decrease resorption without de-
creasing formation signifies per se that strontium stimulates for-
mation. It is a semantic and quantitative problem.
Blake et al. discussed the interesting concept of a possible di-
rect effect of strontium on bone strength. Although speculative
this concept can be better understood after reviewing the ob-
servations performed by Ammann P et al., which have shown that
strontium is mainly located in the bone hydrated layer and pro-
posed that it could structurally modify the bone matrix in relation
to the hydration state of the bony tissue. Such an effect on tis-
sue organization could potentially decrease the propagation of
microdamage or cracks and/or prevent the fusion of microcracks
leading to fissures and fractures, and hence help to improve bone
strength (21). In fact, this could be an additional exciting effect
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of this drug in the line of the “medical vertebroplasty” referred by
Blake et al. 
In the commentary by Blake et al. a suggestion to combine stron-
tium ranelate with another antiosteoporotic treatment was made.
However, there is no evidence that combining two antiosteoporotic
treatments would be beneficial for patients in terms of efficacy. The
antiosteoporotic potency of strontium ranelate is clearly sufficient
in monotherapy and there is plenty of evidence for the good tol-
erability of strontium ranelate over 8 years. Therefore, it would be
unreasonable to expose patients to multiple antiosteoporotic treat-
ments without solid evidence for that. On top of that, it should be
emphasized that there is no pharmacoeconomic evidence of the
cost-effectiveness (or indeed cost-saving) of a combination of two
antiosteoporotic treatments.
To conclude, there is solid evidence for the dual mode of action
of strontium ranelate from in vitro and in vivo animal studies, as
well as from randomized controlled trials in postmenopausal os-
teoporotic women. Consistent results from independent studies,
performed by independent teams with different techniques, have
supplied ample proof that strontium ranelate has beneficial effects
on bone microarchitecture in both cortical and trabecular bone.
This leads to an increase in bone strength that might be potenti-
ated by the actual presence of strontium in bone. This is reflect-
ed in the efficacy of strontium ranelate against vertebral, non-
vertebral, and hip fracture in postmenopausal women with os-
teoporosis. In fact, uncoupling might be the ideal mechanism to
control bone turnover, as strontium exerts a 360° action in pre-
venting fragility fractures at any site and in the future it would be
interesting to compare strontium ranelate with anti-sclerostin treat-
ment. 
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