
Clinical Cases in Mineral and Bone Metabolism 2014; 11(1): 20-2420
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summary

The ability of bone to resist fracture depends on the in-

trinsic properties of the materials that comprise the

bone matrix mineralization, the amount of bone (i.e.

mass), and the spatial distribution of the bone mass (i.e.

microarchitecture). Antiresorptive agents may prevent

the decay of cancellous bone and cortical thinning, with

no improvement of bone microstructure, leading to a

partial correction of the principal bone quality defect in

osteoporosis, the disruption of trabecular microarchitec-

ture. Anabolic agents promote bone formation at both

trabecular and endocortical surfaces, resulting in an in-

crease of cancellous bone volume and cortical thick-

ness. The improvement of cortical bone strength may be

limited by an increase in cortical porosity. strontium

ranelate improves trabecular network and cortical thick-

ness that will contribute to anti-fracture efficacy at both

vertebral and non-vertebral sites.

The results of  clinical and experimental studies  are

consistent with the mode of action of strontium involv-

ing dissociation between bone formation and resorption

leading to a stimulation both trabecular and cortical

bone formation without increasing cortical porosity.
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Background

The aim of the pharmacological treatment of osteoporosis is

to balance bone formation and bone resorption. Unbalanced

bone metabolism, resulting in bone loss, starts during the

transition to menopause (perimenopause). Even bone quality

degenerates during perimenopause and subsequent

menopause (1). 

Bone mass builds up during the first twenty years of life (2).

Once skeletal growth has been completed, bone health is

preserved by the coupled processes of old bone resorption

by osteoclasts and of new bone formation led by osteoblasts,

together called bone remodeling, taking place throughout life

(3).

This process requires a constant flow of communication be-

tween osteoclast and osteoblast cells, in order to keep con-

stantly synchronized bone resorption and bone formation (3).

A disproportion, resulting in a greater osteoclast activity,

would end up causing bone loss, decreased bone mass and

subsequent increased fracture risk (4).

Fractures occur when load exceeds bone strength (applied

load/bone strength > 1). Therefore therapeutic strategies in

order to reduce the risk of fracture would consist in reducing

applied load or increasing bone strength.

Strategies to reduce bone failure load consist in the preven-

tion of falls through physiatric approach, nutritional ap-

proach, vitamin D supplementation and in biomechanical in-

terventions such as hip pads, preventive hip surgery, verte-

bral body augmentation.

On other hand, therapeutic strategies to increase bone

strength consist in improving both bone quantity and quality

through physiatric interventions (e.g. physical exercises), nu-

tritional approach, vitamin D and calcium supplementation,

micronutrients supplementation, biophysics stimulation and

drug therapy.

The ability of bone to resist fracture (or “whole bone

strength”) depends on the intrinsic properties of the materials

that comprise the bone matrix mineralization, the amount of

bone (ie, mass), and the spatial distribution of the bone

mass (ie, microarchitecture). 

Bone quality has been defined as “an umbrella term to de-

scribe a set of characteristics of bone tissue that, in addition

to density, contribute to bone strength” (5). The term “bone

quality” has become common since the late 90’s when it was

clear from the results of clinical trials upon efficacy of several

anti-osteoporotic drugs that BMD increase did not reflect a

proportional reduction of relative risk of fracture (Figure 1).

The role of antiresorptive drugs

Antiresorptive therapies reduce the rate of bone remodeling

lowering the fracture rate by 30 to 50%. Antiresorptive

agents, however, do not increase bone tissue mass. The

gain in bone mineral density observed in clinical trials of an-

tiresorptive drugs is the result of a more complete secondary

mineralization of the existing (but reduced) bone tissue

mass. Bisphosphonates may prevent the decay of cancel-

lous bone and cortical thinning, although an improvement of

bone microstructure above baseline has never been demon-

strated with these drugs. Antiresorptive treatment results in

partial correction of the principal bone quality defect in os-
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teoporosis, the disruption in bone microarchitecture, but can-

not completely restore mechanical integrity because of the

absence of an anabolic effect. The main goal of antiosteo-

porotic treatments is to improve bone quality and strength,

thereby reducing the risk of fracture. Antifracture efficacy

would therefore be expected to be linked to the effect of

treatment on bone microarchitecture. The µCT studies add

today more evidences to the idea that both trabecular and

cortical microarchitecture are major and independent deter-

minants of osteoporotic fracture, as important as bone min-

eral density, bone turnover and mineralization (6). Restora-

tion of bone tissue mass and bone structure requires the use

of anabolic agents. 

The role of the anabolic drugs

Anabolic agents, like PTH or Teriparatide, promote bone for-

mation at both trabecular and endocortical surfaces, result-

ing in an increase of cancellous bone volume and cortical

thickness. The improvement of cortical bone strength may be

limited by an increase in cortical porosity.

Recker et al. compared PTH (1-84) treatment to placebo in

postmenopausal osteoporotic women for 18 months. PTH

treatment was associated with higher cancellous bone for-

mation and bone volume in the iliac crest without affecting

bone resorption. There was tendency for cortical porosity to

be higher and there was no effect on cortical thickness (7)

(Figure 2). 

An 18-month randomized double-blind study was conducted

in postmenopausal women with osteoporosis to compare the

effects of once-daily teriparatide 20 μg with alendronate 10

mg on bone histomorphometry. Biopsies were obtained from

42 patients. Histomorphometry indices of bone formation

were significantly higher after 6 or 18 months of teriparatide

compared with alendronate treatment (8). 

Treatment with an antiresorptive agent appears to preserve

baseline trabecular microarchitecture, to have no impact on

cortical bone, and to increase mineralization of bone. On the

other hand, the bone-forming agent teriparatide produce an

overall improvement in trabecular microarchitecture and in-

creases cortical thickness, even if it tends to decrease bone

mineralization and to increase cortical porosity.

The role of strontium ranelate

Strontium ranelate is an orally active agent consisting of two

atoms of stable strontium and an organic moiety (ranelic

acid), now considered effective in managing osteoporosis

and reducing fracture risk in postmenopausal women. By its

dual mode of action, strontium ranelate stimulates bone for-

mation and decreases bone resorption, and therefore rebal-

ances bone turnover in favor of new bone formation (9). In

numerous studies this drug has demonstrated to improve all

parameters linked to bone quality and bone strength (10-13).

Bone mineral density

Strontium ranelate increases lumbar spine BMD by 14.4%

compared with placebo at 3 years of treatment (P<0.001). A

similar effect was measured at the level of hip, with an in-

crease of femoral neck BMD by 8.3% compared with place-

bo (P=0.001) (13). Results from the logistic regression

analysis showed that in patients treated with strontium

ranelate for each increase of 1% in femoral neck BMD, the

risk of experiencing a new vertebral fracture after 3 years

decreased by 3%. The 3-year changes in femoral neck BMD

explained 74% of the reduction in vertebral fractures ob-

served during treatment with strontium ranelate (14).

Degree of mineralization 

A higher degree of mineralization produces stiffer but more

brittle bone, while a lower degree of mineralization produces

less stiff but tougher bone. Strontium ranelate preserves the

physiological mineralization process during and after treat-

ment. In postmenopausal women treated for 3 years, analy-

sis of bone biopsies by microradiography showed that the

mean degree of mineralization of bone did not differ between

Figure 1 - Pivotal studies of antiresorptive drugs.
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groups (15). Moreover, bone strontium content reached a

plateau between year 2 and 3 of treatment, thus illustrating

that strontium does not replace calcium ions, but is adsorbed

onto the bone mineral surface. Based on X-ray cartography,

strontium is only distributed in recent bone. These results

suggest that the increased BMD noted during strontium

ranelate therapy is due to increased bone mass, but not to a

modulation of mineralization as it occurs with antiresorptive

therapies. The quality of bone mineral is preserved, support-

ing the safety of this treatment at the bone tissue level (16).

Bone microarchitecture

For the same decline in bone mass, loss of trabecular ele-

ments was 2 to 5 times more deleterious to bone strength

than thinning of the trabecular struts, implying that maintain-

ing connectivity of the trabecular network is critical. The rela-

tionship between femoral geometry and hip fracture risk has

also been extensively studied. The odds ratios suggest that

for each standard deviation difference in a geometric vari-

able, hip fracture risk is increased by 1.2-fold to 5-fold.

Three-dimensional assessment (microCT) of bone biopsies

in patients treated with strontium ranelate for three years

showed a significant effect on both trabecular and cortical

bone. At the trabecular level strontium ranelate improves

bone microarchitecture. Compared with placebo, it increased

trabecular number by +14% (P=0.05), decreased trabecular

separation by -16% (P=0.04), and improved trabecular struc-

tural model index by 22% (P=0.01) shifting trabeculae from

rod-like structure to plate-like pattern. Strontium ranelate al-

so enlarged cortical bone dimensions increasing cortical

thickness by 18% (P=0.008), which represents the basis of

resistance of long bones, such as femur (17). 

Moreover, using 5-year data from the TROPOS study, 486

hip DXA scans of postmenopausal osteoporotic women with

similar baseline characteristics were examined. Over 5

years, strontium ranelate has positive effects on hip geome-

try: the mean increase in cross-sectional area (CSA) was 5.8

± 9.1% for strontium ranelate compared with placebo (-3.2 ±

7.2%, P<0.01). A similar effect was seen with the increase in

section modulus (8.6 ± 14.3% vs –2.3 ± 11.6%, P<0.001)

and the decreases in the buckling ratio (by –3.1 ± 13.2%,

P<0.001 in SR group) (18). 

The effects of strontium ranelate on bone microarchitecture

have been compared also with another antiosteoporotic

treatment (alendronate once a week) in a randomized, dou-

ble-blind trial. Bone microstructure at the distal tibia was as-

sessed by the noninvasive technique high-resolution periph-

eral computerized tomography (HR-pQCT) in 88 women with

postmenopausal osteoporosis (19). The patients’ baseline

characteristics were similar in both groups with a mean age

of 63.7 years, a BMD T-score of -2.7 and -2.0, respectively

at lumbar and hip site. Within the constraints of HR-pQCT

method, strontium ranelate appeared to have greater effects

than alendronate on distal tibia cortical thickness, trabecular

and cortical bone densities, improving bone microstructure

since the 3rd month of treatment and increasing up to 2

years.  In this study, to assess the influence of treatments on

bone strength, was also used the finite element analysis

method (FEA) originated from the need for solving complex

elasticity and structural analysis problems in civil and aero-

nautical engineering. Over 2 years, estimated failure load in-

creased with strontium ranelate by 2.1% (P<0.005), whereas

no significant change was observed with alendronate (-0.6%,

NS), leading to a significant between-group difference

(P<0.01). Treatment with strontium ranelate was also associ-

ated with lower trabecular and cortical stresses, with relative

changes of -2.4% (P<0.005) and -1.6% (P<0.05), respective-

ly. Recently it has been published a new quantitative index

of bone architecture, named Trabecular Bone Score (TBS).

This index used DXA method but is independent of BMD.

pQCT Stratec Study compares the efficacy of strontium

ranelate and alendronate on bone mass, bone geometry and

bone strength (mechanical parameters) at level of spine ar-

chitecture patterns in POMP women using a Trabecular

Bone Score (TBS) (20). A post-hoc analysis was performed

on DXAs from 79 women out of 189 included in a double

blind, double dummy study and randomized to strontium

ranelate 2g/day or alendronate 70mg/week during 2 years.

The study shows that there is an increase of Spine BMD and

TBS on both treatments but a differential effect of alen-

Figure 2 - Cancellous and corti-

cal bone structure in POMP

women randomized to PTH and

placebo treatment.

03-Iolascon_-  26/05/14  17:03  Pagina 22



Clinical Cases in Mineral and Bone Metabolism 2014; 11(1): 20-24 23

Bone quality and bone strength: benefits of the bone-forming approach

dronate and strontium ranelate on bone microarchitecture in

particular SrRan has greater effects on bone architecture; in-

dex at the spine compared to ALN as already described in

pQCT and HR-pQCT studies (Figure 3).

Conclusion

Increasing knowledge about the cellular and molecular path-

ways involved in the maintenance of bone homeostasis and

about the role of disturbances in these pathways in the

pathogenesis of osteoporosis has paved the way for a better

understanding of the putative mechanisms responsible for

the beneficial effects of strontium ranelate on bone-forming

approach to this condition. A decade of extensive in vitro and

in vivo pre-clinical evaluation followed by a comprehensive

clinical program in postmenopausal women has led to con-

firm that strontium ranelate represents a unique approach in

the management of osteoporosis by its ability to restore the

imbalance between bone resorption and formation in favor of

bone formation. Its beneficial effects on bone microarchitec-

ture improve the biomechanical properties of bone to resist

to fragility fractures.
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Figure 3 - Effects of SrRan and ALD on Lumbar BMD and Spine TBS in POMP women.
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