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Abstract
Purpose The purpose of this study was to review the
monitoring of strontium ranelate osteoporosis therapy.
Methods The method used in this study was comprehensive
literature review with clinical perspectives.
Results Changes in bone turnover markers (BTM) or bone
mineral density (BMD) have been documented in osteopo-
rosis clinical trials. However, neither BMD nor BTM
changes fully explain the observed fracture risk reduction
in treated patients. If changes in BMD or BTM on therapy
would be easily discernable in individual patients, and were
strongly associated with fracture risk reduction, monitoring
individuals would be more useful. BMD changes in patients
on strontium ranelate are of a greater magnitude and hence
can be easily determined in an individual patient. In ad-

dition, there exists a better correlation between fracture risk
reduction and increases in BMD.
Conclusions The strong correlation between measured
BMD increases and fracture risk reduction in patients on
strontium ranelate therapy will be of clinical benefit to
physicians wishing to evaluate both treatment persistence
and fracture risk reduction.
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Introduction

Patients in clinical trials of osteoporosis therapies are
selected by criteria of low bone density, prevalent fracture,
or both. Such patients are at the highest risk of fracture and
are optimal candidates for pharmaceutical approaches to
fracture risk reduction. Clinical trials of osteoporosis
therapies must demonstrate fracture risk reduction in order
to achieve regulatory approval. As secondary endpoints,
significant and favorable changes in biochemical markers
of bone turnover or bone density have been documented in
groups of patients. With different bisphosphonate dosing
schedules, bone mineral density (BMD), and bone turnover
markers (BTM) group changes have been acceptable proof
of bioequivalence [1–3]. Such trials must be tied to prior
trials demonstrating fracture risk reduction with other
dosing schedules and with similar BMD and BTM changes.
However, neither BMD nor BTM endpoints fully explain
the observed fracture risk reduction in treated patients [4,
5]. The relevance of these measures in the estimation of
treatment response and fracture risk for patients on various
therapies is therefore unclear [6, 7]. In addition, the changes
seen in groups of trials patients are often not discernable in
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individual patients seen in clinical practice. The concept of
“least significant change” (LSC) has been advanced to aid in
the clinical interpretation of individual’s change in BMD. For
spine BMD, the LSC calculated from a precision study at a
good clinical facility might be 3%. If the LSC is not exceeded
then the changes in BMD can be said to be not significant.
Many osteoporosis therapies would not be expected to cause
changes in BMD exceeding the LSC. The WHO 10-year
absolute fracture risk estimation will apply only to treatment-
naïve subjects and is not intended to predict fracture risk for
patients on osteoporosis therapies [8].

Evaluation of BMD by central DXA is critical for the
identification of patients at sufficient risk of fracture to
warrant pharmacotherapy. BMD is commonly measured at
intervals in the follow-up of patients on therapy in order to
monitor their response similar to what has been done in
clinical trials. Strontium ranelate is an osteoporosis therapy
proven effective in reducing fractures in postmenopausal
women with osteoporosis. The data indicate significant
vertebral, non-vertebral, and hip fracture risk reduction with
good tolerability [9–11]. Distinct from other osteoporosis
therapies, monitoring BMD in patients on strontium
ranelate therapy may provide a better indication of fracture
risk reduction than with other osteoporosis therapies.

BMD and strontium artifact

The greater increases in BMD are in part due to combined
anti-catabolic and bone anabolic effects of strontium
ranelate [12] and in part due to the higher atomic number
of strontium in bone as compared to calcium. The higher
atomic number of strontium (Z=38) than calcium (Z=20)
leads to greater attenuation of X-rays and consequently an
overestimation of the BMD as measured by DXA (and
expressed as calcium hydroxyapatite equivalent). The
greater changes in BMD are clinically useful, allowing the
clinician to more easily demonstrate positive changes in
BMD as an indication of patient response to therapy. With
most osteoporosis therapies, BMD changes in individual
patients are likely to fall within the precision error for the
densitometer [13]. Although various algorithms for adjust-
ing the bone density in patients on strontium ranelate
therapy have been proposed, none are validated [14]. There
are likely to be differences in strontium incorporation in
bone at different skeletal sites for many reasons. Strontium
is preferentially distributed in bone newly formed during
strontium ranelate treatment rather than in older bone,
formed before treatment initiation. [15] Strontium
exchanges more readily on the surface of bone than in
deeper bone. It is therefore likely that at different bone sites
(trabecular and cortical bone), and with different levels of
bone turnover, bone strontium content would be quite

variable between individuals. Consequently, adjustment
algorithms will not be clinically useful. An adjustment of
the lumbar spine BMD was first proposed in the
STRATOS study [16] and has been used as an attempt to
approximate the increase in BMD related to the pharmaco-
logical effect of strontium ranelate. However, this algorithm
for adjustment of lumbar spine BMD is complex and based
on numerous assumptions. Spine bone strontium content
(BSC) was estimated from iliac crest biopsies obtained from
patients in the pivotal trials of strontium ranelate. Using the
primate relationship between spine and iliac crest BSC,
estimation of human spine BSC was calculated [17].
Patients’ plasma Sr level was correlated with iliac crest
BSC (in patients undergoing bone biopsy) at each yearly
time point and this relationship was used to calculate an
estimated spine BSC in patients who did not have a bone
biopsy [16]. Finally, the overestimation of spine BMD
attributable to bone Sr was calculated by in vitro experiments
comparing DXA measurements of phantoms containing
different concentrations of strontium hydroxyapatite. These
experiments indicated that a phantom strontium content of
1% induces a 10% overestimation of BMD expressed in
calcium hydroxyapatite equivalent [18]. The mean change in
adjusted-lumbar BMD in strontium ranelate-treated subjects
in SOTI and TROPOS studies was approximately +7.5%,
after 3 years of treatment. By the above adjustment
algorithm, it is estimated that the BMD overestimation due
to strontium in bone accounts for approximately 50% of the
measured change in BMD after 3 years of treatment [11].
The increased BMD observed clinically in patients treated
with strontium ranelate is both due to the presence of
strontium in bone as well as the pharmacological anti-
resorptive and anabolic activity on bone cells resulting in
increased bone tissue with normal bone calcium minerali-
zation. In animal studies, measured-BMD increases corre-
late with improved bone strength [19] and adjustment of the
BMD does not improve the strength–BMD correlation
compared with the unadjusted BMD. This indicates that the
measured, unadjusted BMD is optimal in predicting
improved biomechanical properties in patients on strontium
ranelate therapy. The easily discernable BMD increases in
strontium ranelate-treated patients will assure the clinician
that medication has been ingested, that strontium has been
absorbed, and that anti-fracture efficacy in keeping with the
results from the pivotal trials can be expected.

Changes in BMD and fracture risk reduction

Studies exploring the relationship between BMD change and
fracture reduction have been conducted from clinical trials
data with raloxifene [4], alendronate [20], and other agents
[21]. Though post-hoc analyses and variable in their results,

1102 Osteoporos Int (2009) 20:1101–1106



they suggested that increases in femoral neck BMD (in
groups of patients) predicts reductions in the risk of vertebral
fractures. Recently, this relationship between increases in
measured femoral neck BMD and reduction in vertebral
fracture risk [22] and reduction in hip fracture [23] was
shown in a post-hoc analysis to be the strongest in strontium
ranelate-treated patients from SOTI and TROPOS trials [22].
Groups of patients with the greatest increases in measured
(unadjusted) BMD were demonstrated to have the greatest
fracture risk reduction [22]. These data strongly support the
monitoring of unadjusted BMD in individual strontium
ranelate-treated patients where discernable increases in
BMD are indicative of antifracture efficacy [22]. This is in
distinction to other osteoporosis therapies where stabilization
or clinically undetectable rises in BMD may often be the
expected result. The change in unadjusted BMD explains
about 75% of the anti-fracture efficacy of strontium ranelate
[22] compared with estimates of between 4% and 28% with
antiresorptive therapies [4–7, 20, 21, 24, 25] and up to 41%
with PTH [26]. Furthermore, persistence with osteoporosis
therapies has been poor [27] with patients frequently
discontinuing therapy due to perceived lack of therapeutic
benefits when BMD does not significantly increase. Since
follow-up BMD is often used to assure the patient and
clinician of therapeutic response and may enhance adherence
to therapy, the combination of a robust BMD–fracture risk
reduction relationship and greater rises in measured BMD in
patients treated with strontium ranelate will prove useful.

Bone turnover markers and monitoring therapy

Biochemical markers of bone turnover have also been
proposed as a way of monitoring treatment with some
agents. Most BTMs are greatly affected by food and time of
day leading to high day-to-day variability. Different
therapies have various effects on BTMs. Bone anabolic
therapies reduce fracture risk with increases in BTMs;
antiresorptive therapies reduce fracture risk with associated
decreases in BTMs. Strontium ranelate reduces fracture risk
with reductions in markers of bone resorption and increases
in markers of bone formation. As with some antiresorptive
therapies, the changes in BTMs on strontium ranelate
therapy are not of sufficient magnitude to be clinically
useful in individual patients. BTMs have not routinely been
advocated for either the identification of patients at risk of
fracture or for monitoring of individual patients on therapy.
It is possible that future BTMs will improve our ability to
detect treatment response on an individual patient basis
[28]. Patients being monitored with BTM’s will have to
demonstrate significant changes from baseline. The best
indication of this would be changes exceeding the LSC as
calculated by a precision study.

Treatment discontinuation

The usefulness of either BTMs or BMD measurement to
predict fracture risk in patients who have discontinued
therapy is highly problematic and likely depends on the
nature of the preceding treatment. Nevertheless, clinical
practice may require that patients be monitored after
stopping osteoporosis therapy. Unfortunately, data on
patients discontinuing therapy is sparse and methodologi-
cally difficult to obtain. In the FLEX study, patients from
FIT1 and FIT2 studies were treated with alendronate for a
total of 5 years. They were then randomized to receive
either alendronate or placebo for a further 5 years.
Resolution of effect off alendronate therapy was very
gradual both with regards to BMD and BTM. With
continued alendronate, the further increases in BMD over
5 years were very small. Clinical vertebral fractures were
significantly reduced in patients continuing on alendronate
but morphometric vertebral fractures and non-vertebral
fractures were not different between the two groups [29].
Such studies have inherent problems with low patient
numbers, lack of placebo comparators and enrolment biases
making true fracture risk evaluation problematic. Discon-
tinuing risedronate therapy after 3 years leads to significant
decreases in bone density in the fourth year off risedronate
as well as increases in BTM but no increase in fracture risk
in that year [30]. After 4 years of strontium ranelate
therapy, patients crossed over from active therapy to
placebo in the SOTI trial had an 8.9% annual incidence of
vertebral fracture in the year off therapy as compared to
patients maintained on treatment (6.9%; p=NS). No effect
of treatment discontinuation was observed on the propor-
tion of patients with new non-vertebral fractures in the
fourth to the fifth year (4.0% in the year off therapy vs.
maintained treatment 4.5%; p=NS) [11]. During this fourth
year off strontium ranelate therapy, L2–L4 BMD decreased
3.4%±5.8; patients continuing therapy experienced further
increases in BMD of 1.5%±6.0% (p<0.001). Spine BMD
after 4 years of strontium ranelate followed by 1 year of
placebo remained 13% higher (0.860±0.147 g/cm²) than at
initial trial randomization (0.733±0.119 g/cm²) [31].

The resolution of bone metabolic effects induced by
strontium ranelate can also be demonstrated by following
BTM after treatment discontinuation. In the SOTI trial,
patients on strontium ranelate therapy experienced a rise in
BSAP. After 4 years of therapy, treatment was stopped.
Three months later, significant decreases in BSAP and
increases in sCTX were observed. This may indicate rapid
resolution of anabolic and antiresorptive effects after
treatment discontinuation.

Primate studies confirm that after 1 year of strontium
ranelate therapy (at doses giving three times the plasma
strontium level seen in humans at therapeutic dose), bone
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strontium content falls rapidly on treatment discontinuation.
After 10 weeks off therapy, iliac crest bone strontium
content by necropsy decreased by 50% [32]. A slow phase
of strontium excretion likely follows this rapid mobilization
of strontium from the skeleton and is likely attributable to
delayed mobilization of buried strontium not readily
available for calcium exchange [32]. Although patient bone
biopsy data is difficult to obtain following treatment
discontinuation, models based upon the specific non-
invasive determination of bone strontium content [33]
may permit better modeling of strontium resolution of effect
at the bone tissue level after treatment discontinuation.

Clinicians are aware of the need to initiate therapy in
patients who are at risk of fracture and to continue therapy as
long as required to maintain fracture risk reduction. Although
tempting, treating to BMD targets or for specified arbitrary
periods of time is not well supported by evidence. There is no
proof of persistence of fracture risk reduction off therapy.
Other risk factors such as prevalent fracture, age, fall risk, and
steroid therapy must be considered prior to treatment
discontinuation and patients at high fracture risk would be
best advised to continue proven osteoporosis therapy.

As with antiresorptive therapies, the BMD decline after
stopping treatment with strontium ranelate has not been
associated with an increase in short-term fracture risk. More
clinical trials documenting resolution of effect after osteo-
porosis therapies over the long-term are essential.

With strontium ranelate therapy, persistence of antifrac-
ture efficacy as well as safety over 5 years (vs. placebo) has
been demonstrated. In SOTI and TROPOS studies 5 year
sustained vertebral, nonvertebral, and hip antifracture
efficacy has been demonstrated [34].

Conclusions

Absolute fracture risk determined by BMD and other risk
factors is essential in determining candidates for osteopo-
rosis pharmacotherapy in treatment naïve patients. The role
of follow-up BMD on therapeutic decision making is less
clear. Clinicians must be aware of the different fracture risk
reduction relationships associated with BMD changes on
various therapies. Though this relationship is again different
with strontium ranelate compared with other osteoporosis
therapies, the usefulness of BMD as a marker of therapeutic
efficacy is likely greater than with other therapies. Since
BMD changes can be easily determined on an individual
patient basis and there exists a better correlation with
fracture risk reduction and increases in BMD, strontium
ranelate BMD monitoring will prove more useful than with
other therapies [22]. This may in turn enhance patient
adherence to therapy leading to greater fracture risk
reduction.

Osteoporosis is a chronic disease requiring long-term
therapy. Treatment discontinuation might be considered
because of inefficacy or safety concerns. In this case, further
treatment decisions will be based on the interpretation of a
BMDmeasurement, which could have been influenced by the
previous treatment. Fracture risk in such a patient changing
therapies is not easily evaluated and cannot be considered
equivalent to that of a treatment-naïve patient. It is possible
that a patient would switch therapy due to a lack of increase in
BMD on strontium ranelate. In such a patient, the lack of
BMD increase likely indicates absence of significant stron-
tium in the skeleton and likely a lack of strontium biological
response. This could be due to non-adherence or due to lack of
absorption of strontium ranelate. In such cases, subsequent
BMD monitoring on another osteoporosis therapy would not
be greatly influenced by the potential concerns of strontium
BMD artefact. However, should strontium ranelate-treated
patients with significant increases in BMD change to another
therapy, at least 1 year should pass before a new BMD
baseline be determined. Longitudinal BMD changes on the
new therapy can then likely be determined from this new
baseline. Intolerance to strontium ranelate such as diarrhea or
nausea is unlikey but if problematic would likely emerge early
in the course of therapy when little bone strontium uptake has
occurred. At this early stage, strontium artefact on subsequent
BMD estimations would likely be minimal and of no clinical
concern.

Strontium ranelate therapy is associated with a signifi-
cant decrease in fracture risk associated with robust
increases in measured BMD. The unadjusted, measured-
BMD may lead to overestimation of the BMD changes on
treatment which will be useful in overcoming the precision
error of the bone density instruments. The strong correla-
tion between measured BMD increases and fracture risk
reduction in patients on strontium ranelate therapy will be
of clinical benefit to physicians wishing to evaluate both
treatment persistence and the associated reduced fracture
risk. Osteoporosis requires long-term therapy in order to
reduce fracture risk. It is important that patients be
encouraged to continue their treatment for many years.
This confirmation of treatment effect may be achieved
through measurable increases in BMD resulting in better
adherence to therapy.
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