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Abstract
Osteoporosis is recognized worldwide as a major public 
health problem since many decades ago, mainly due to the 
cost of treatment for related fragility fractures. Fortunately, 
WHO has provided new strategies for identifying popula-
tions with a high ten-year fracture risk, which together with 
increasingly sensitive diagnostic methods make it feasible for 
decision makers in this field to design cost effective fracture 
prevention strategies. These strategies are aimed at preventing 
falls and improving bone strength and therefore diminishing 
the prevalence and incidence of new or recurrent osteopo-
rosis related fractures. Herein we review the content of these 
new strategies, and the medical treatments available, as well 
as their efficacy in the Mexican context. Several countries 
are now reporting a decreasing incidence and prevalence of 
osteoporosis related fractures, after 30 years of clinical and 
population-based interventions. Mexico has several effective 
anti-fracture drug treatments available. Such drugs can be 
classified according to the mechanism that makes them ef-
fective as: 1) antidestuctive or anticatabolic, 2) bone forming 
or anabolic, and 3) those with both actions or mixed drugs. 
The authors argue that treatment strategies that use drugs 
to strengthen bone tissue must assure normal mineraliza-
tion of the already formed, remnant bone tissue and/or the 
newly formed bone tissue in order to encourage biochemical 
outcomes like formation of mature hydroxyapatite crystals 
with complete biomechanical and biochemical properties and 
therefore long term benefits. The present review includes 
some perspectives that will surely enhance osteoporosis 
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Resumen
La osteoporosis se reconoce mundialmente como un pro-
blema de salud pública desde hace muchas décadas, princi-
palmente por el impacto global implícito en la atención de las 
fracturas que ocasiona. Afortunadamente, cada vez contamos 
con más y mejores estrategias desarrolladas por la OMS para 
identificar oportunamente a las personas en riesgo de sufrir 
una fractura; actualmente es posible definir este riesgo para 
los siguientes diez años. Lo cual, aunado a métodos cada 
vez más sensibles para establecer diagnósticos definitivos y 
opciones de tratamiento costo-eficaces para evitar caídas 
y disminuir significativamente la presentación de fracturas, 
permite a quien toma decisiones en este problema diseñar y 
poner en práctica planes de atención sustentados en la mejor 
evidencia científica, que son motivo de esta revisión. Varios 
países empiezan a informar un abatimiento del número de 
fracturas, después de haber establecido programas dirigidos 
a este fin desde hace 30 años. Contamos con medicamentos 
que han demostrado su eficacia para abatir la presentación 
de la primera fractura o de fracturas recurrentes de manera 
costo-eficiente, estos se pueden dividir para su estudio de 
acuerdo al mecanismo de acción que los vuelve eficaces. Así, 
aquellos que frenan la destrucción del tejido óseo se clasi-
fican como anti-catabólicos, los que estimulan la formación 
de tejido óseo nuevo son anabólicos, los que tienen ambas 
acciones se conocen como de acción mixta. En todos los 
casos, el tejido remanente, previamente formado o en vías de 
destrucción, que se fortalecerá o el tejido de nueva formación, 
requieren medidas para garantizar que el proceso de minera-
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Osteoporosis is a major public health problem world-
wide due to the socioeconomic impact of related 

fragility bone fractures.1,2 Mexico and Latin America are 
no exception to the problem of osteoporosis.3-5 Although 
significant progress has been made during the last three 
decades towards developing strategies, diagnostic 
methods, and efficient anti-fracture treatments that have 
significantly enhanced osteoporosis treatment, Mexico 
is lacking well designed public policy to address this 
important problem. Other nations have established 
strategies for identifying osteoporosis risk and treating 
fractures over the past 30 years. These strategies include 
highly sensitive case finding strategies linked to well 
validated clinical guidelines for clinical decision mak-
ing regarding treatment and resource use,6,7 and have 
resulted in a reduction in the prevalence and incidence 
of fragility fractures in their aging populations.8-10 This 
paper will review these treatment methods, in the con-
text of their usefulness in the Mexican population; the 
review will thus be of use to both epidemiologists and 
clinical professionals.

Brief history of case finding strategies and 
their impact in bone health worldwide

By assessing Bone Mineral Density as grams of hydroxy-
apatite per square centimeter (BMD) through dual, low 
energy, X-ray bone absorptiometry (DXA) and defining 
the T- score for each individual’s BMD result according 
to WHO criteria.1 Since 1994 the scientific community 
has been able to classify individuals’ BMD result as 
normal or with a gradient of increased lifelong, relative 
risk for suffering fragility fractures if nothing is done to 
avoid them: Osteopenic if the T score is between minus 
one and minus 2.49 standard deviations from T and 
Osteoporotic if it is two and a half standard deviations 
or more below T. T is determined as the mean plus or 
minus one standard deviation of the BMD of the normal 
male or female young adult population 20 to 39 years 

of age. Soon the diagnostic sensitivity of the T score 
determination was improved obtaining information 
through questionnaires on the individual’s risk factors. 
With this combination, it has become possible to distin-
guish at least three populations with an elevated lifetime 
risk for becoming osteoporotic and / or suffering from 
bone fragility fractures; these populations require dif-
ferent treatment strategies. At-risk groups are: 1) people 
younger than 35 years of age with lower than normal 
peak bone mass development, 2) people of both sexes 
younger than 60 that have both a BMD value classified 
as osteopenic by WHO criteria and one or more fracture 
risk factors, but who do not have bone fragility fractures, 
and 3) Postmenopausal women or men older than 60 
with low BMD values, three or more risk factors, and 
prevalent bone fragility fractures.6
	 The division of those populations at risk for fra-
gility fractures into these subgroups has raised two 
key questions that will be addressed in this paper: 1) 
Are preventive interventions cost efficient in younger 
populations with a high lifetime risk of having a fragility 
fracture? and 2) Do we have cost efficient therapeutic 
interventions for populations with a demonstrated, high 
10 year risk of having a bone fragility fracture using the 
new diagnostic tool recently published by WHO named 
FRAX?7,11,12

Are preventive interventions cost efficient in populations with 
a high lifetime risk of fragility fracture? 

Prevention strategies for osteoporosis and/or bone 
fragility fractures in younger populations without 
evidence of current fractures has been the subject of an 
intense debate that will continue until scientific evidence 
accrues that demonstrates these strategies to be cost 
efficient:11,12 Why are preventive interventions a matter 
of such intense debate? Good scientific evidence makes 
it theoretically reasonable to recommend two kinds of 
interventions as lifelong preventive measures to stop the 

lización suceda normalmente y se genere hidroxiapatita o un 
compuesto con características similares para que la eficien-
cia biomecánica del tejido realmente mejore a largo plazo. 
Esta revisión incluye algunas perspectivas que seguramente 
mejorarán nuestro manejo de la osteoporosis en el futuro 
inmediato y que se deberán reflejar en una disminución del 
impacto de este problema en México.

Palabras clave: osteoporosis; manejo; diagnóstico; tratamiento; 
drogas; anabólicas; catabólicas; mineralización; costo efecti-
vidad; beneficio

management in the near future and which will bring about a 
decrease in the impact of the problems in Mexico. 
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benefit
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development of osteoporosis and/or fragility fractures 
in later life by: 1) optimizing peak bone mass13-19 and 
2) increasing bone mass.20 In this introduction we will 
briefly concentrate on some details of the two interven-
tions mentioned, and will go into more detail later in 
this paper. The interested reader will also find more in-
formation regarding these issues in other contributions 
published also in this special number of the journal.

The case of optimizing peak bone mass (PBM). PBM is 
defined by the moment in which bone mineral accre-
tion stops and reaches its maximum value. This phe-
nomenon is asynchronous throughout the 206 bones of 
the skeleton, and starts in some anatomical regions as 
early as at the age of 18 years and involves the whole 
skeleton between the ages of 35 to 40 years. After PBM 
is attained, a slow but permanent decrease in BMD 
begins and will continue until death. Therefore, PBM 
represents the intact and maximal bone mineral reserve 
of each person, from which bone loss will happen in a 
bone mass deteriorating condition.
	 Although excellent scientific evidence has dem-
onstrated that increasing PBM by 10% provides 50% 
protection against future osteoporosis,1,13-19 the chal-
lenge is to demonstrate that a public health program 
designed to improve PBM would decrease the incidence 
of osteoporosis in the population within 50 years; this 
would be a very difficult and costly study to perform, 
and thus has yet to be executed.

The case of drug interventions to improve Bone Mineral 
Density (BMD) long before the event of the first bone fragil-
ity fracture. A similar challenge is to demonstrate the 
population efficacy of the use of drugs to improve bone 
mass in people of both sexes before age 60, who have 
different degrees of osteopenia according to WHO’s 
T- score criteria and three or more fracture risk factors, 
without prevalent bone fragility fractures.11,12,20

	 As in the case of improving PBM, excellent scientific 
evidence demonstrates that various drugs improve bone 
mass independently of the patient’s age and the kind 
of risk involved. However, the results of the very few 
studies large enough to estimate the number of cases 
that must be treated in order to avoid a fracture, have 
not demonstrated yet that they are cost efficient.20-22 
The interested reader is referred to special and excellent 
reviews on this matter in the recent literature as well 
as in other contributions of this special number of the 
journal.12-22 The rest of this introduction will focus on 
developing a step by step decision making process in 
order to answer the second question of this paper.

Do we have cost efficient therapeutic interventions for popula-
tions with demonstrated, high 10 year risk of having a bone 
fragility fracture?

A simple answer to this question is yes, and we foresee 
that important developments in drug therapy will be 
introduced promptly, enhancing our scope to combat 
this public health problem more efficiently, which is the 
essential point of this review. This question relates to 
the existence of cost effective therapeutic interventions 
for populations identified with the new diagnostic tool 
recently published by WHO named FRAX.7,11,12 
	 Therefore it is convenient to briefly review the 
recent introduction of the FRAX by WHO. Improving 
case finding strategies of osteoporosis in different 
populations was a task adopted by the expert panel 
of WHO since 1994. After introducing the T score de-
termination1 they continued reviewing the published 
evidence from several large, long term international 
epidemiological cohort studies on the most important 
risk factors associated with bone fragility fracture. 
These factors were identified and combined in a math-
ematical model with body mass index, sex, ethnicity, 
femoral BMD and a few other socioeconomic criteria 
in order to determine the absolute 10 year fracture risk 
and the burden for a particular case. FRAX incorpo-
rates all these factors in a computerized format that 
improves the diagnostic sensitivity of the WHO criteria 
published in 1994 and defines who has a significant and 
absolute high risk of presenting a fragility fracture in 
the next 10 years.23

	 FRAX identifies the fracture risk of a person at the 
primary health level, allowing a general practitioner to 
use it. Thus a new decision making scenario has arisen, 
in which the primary healthcare practitioner needs to 
confirm that a high risk individual has osteoporosis and 
therefore needs to choose and follow a cost effective anti-
fracture treatment. In order to: a) Establish the presence 
of osteoporosis, b) Choose between the different therapy 
options and c) Be cost effective. 
	 The medical practitioner will need additional infor-
mation derived from well validated diagnostic methods 
that we will briefly review. In our step-by-step action 
plan to treat the osteoporotic patient, we will not discuss 
how to define whether the patient has the disease –it is 
beyond the scope of this review– but once it is confirmed 
that the patient has it, it is essential to define: 1) Baseline 
BMD at the lumbar spine and in the whole proximal 
femoral region, and if possible bone quality (vide infra). 
2) The kind of bone remodeling present reflecting the 
functional state of bone tissue.
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	 The advances in diagnostic methodology that we 
will review are those that yield the best results for the 
care of individual patients, because they allow the cli-
nician to follow-up the changes induced by treatment 
either with single drug schemes, combination and even 
sequential regimes to be reviewed in the following 
sections of this paper and are the result of enhanced 
knowledge of the cellular and molecular mechanisms 
involved in normal bone mass remodeling, deterioration 
and restoration. This knowledge has also been instru-
mental in the development of new drugs, targeted at 
increasing the efficacy of specific mechanisms of bone 
remodeling to restore normal bone quality.24-41

	 The advantages of having new case finding strate-
gies like FRAX, diagnostic tests for determining the 
activity of bone remodeling, and other imaging proce-
dures useful for choosing the optimal treatment regime 
and defining the clinical outcomes to be expected are 
extensively discussed elsewhere.40,42-44 In this paper 
the available treatments will also be analyzed based on 
their efficacy from the moment the treatment decision 
is made, throughout the follow up period.

Step by step action plan to treat patients 
with osteoporosis and significantly 
elevated 10 year risk of fracture

Our action plan starts defining an astounding fact: “Dur-
ing the first year of treatment the most effective anti-
fracture strategy is to prevent falls”,45 drugs with proven 
anti-fracture efficacy must be started simultaneously 
with the anti-fall program, it is necessary to consider 
that it will take any available drug at least six months 
to restore the remnant bone tissue and to develop new 
bone-forming units that will protect the skeleton in the 
long term. In order to achieve these important goals, a 
step-by-step decision making process needs to be fol-
lowed including the actions listed below as well as the 
way to evaluate them: 

1.	 Define the pre-treatment patient’s BMD values and 
if possible consider measuring the bone quality of 
the remnant bone mass in the anatomical regions 
that are currently at fracture risk (baseline values). 

2.	 Classify the bone remodeling activity as one of the 
following patterns: A) High bone turnover rate, 
characterized by predominance of destruction 
activity mediated through osteoclasts/osteocytes. 
B) Normal bone turnover rate or C) Low bone 
turnover. 

3.	 Depending upon these design criteria: A) Anti-fall 
strategies to prevent fractures in the short term, 
while bone strength is improved in the long term 

with drugs; keeping in mind that a minimum of 
six months is required with the most potent of 
them. B) Choose an effective, scientific based drug 
regime. C) Define the treatment targets and the 
time intervals at which their results will be evalu-
ated. At these subsequent points in time, decide to 
continue or to change therapy options based on the 
treatments’ efficacy.

	 All of the above said, we will continue this impor-
tant section of our suggested step by step decision mak-
ing process, analyzing the role of baseline BMD values 
and the characteristics of the residual bone mass present 
before treatment, namely quality and functionality of 
bone tissue, as gold standard criteria to evaluate the 
response to the selected treatment:

1.	 Define pre-treatment patient’s BMD values and if 
possible consider measuring bone quality of the rem-
nant bone. The yearly increase in BMD is small, 
and is difficult to determine precisely in clinical 
densitometry laboratories as their high in vivo 
variation coefficient is greater than the drug’s in-
duced increase in BMD (see below); therefore it is 
convenient to measure it not earlier than one year 
and not later than two years after pharmacological 
treatment is started.

	 What is the role of baseline BMD values and if 
available, the bone quality of the residual bone mass in 
anatomical regions that are currently at risk of fracture, 
as baseline values to be compared with the changes 
induced by treatment?
	 Several lines of evidence have shown that the initial 
values of BMD alone are insufficient criteria to decide 
who should receive treatment. The same observation 
can be made regarding changes in BMD to follow up 
the results of a therapeutic regime and to define who is 
responding.43,44 
	 The lack of BMD sensitivity to decide who should 
receive treatment and with what kind of drug, can be 
explained simply by stating that having low BMD at 
any anatomical site may not be due only to osteoporo-
sis, but to a number of other clinical conditions such as 
hypodense osteomalatias or osteodystrophies, which 
require different diagnosis and therapeutic approaches 
and imply different risks of developing fragility frac-
tures.47-51 
	 On the other hand, the use of the change in BMD as 
a criterion to evaluate the response to treatment is not as 
useful as may be expected. Large, well designed studies 
on a wide variety of drug treatments, with proven anti-
fracture efficacy have shown that induced increases in 
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BMD are very small, meaning that they reach an increase 
between 2 and maximum 6% per year above baseline 
values, an amount of bone mineral difficult to measure 
in the conventional, clinical bone densitometry labora-
tory that runs with a variation coefficient in vivo of 2% 
or more. And although the increase in BMD is undoubt-
edly part of the restoration of bone mass, it is not the 
only change related to the anti-fracture efficacy of these 
treatments.20-22,25,30,52 Possible explanations of this lack of 
sensitivity of BMD for this particular purpose, besides 
the technological issue just cited, are related to the fact 
that most treatment schemes also improve muscle func-
tion, nerve reflexes and other non-BMD factors, that also 
have protective anti-fracture effects.52,53

	 In addition to the reasons just reviewed, that explain 
in part why BMD is not as useful as expected in deter-
mining the success of a treatment regime, there are two 
other major concerns regarding the characteristics of the 
already existing bone, to be taken in consideration before 
treatment is started and that will define the success of 
treatment: the quality of the remnant bone tissue and 
its functional characteristics.38-41

	 We will begin by pointing out that the goal of any 
anti-fracture treatment starts by improving the quality 
and functionality of the pre-existing, remaining bone 
reserve, whether it is healthy or not. 
	 If one look at bone surfaces in an osteoporotic 
skeleton, they will show different stages (asynchronous) 
and kinds of structural alterations (asymmetrical), 
going from trabecular thinning to trabecular loss and 
connectivity. There will be zones of cortical tunneling, 
widening of endosteal diameters and debilitation of 
the cortical width, that can be assessed by different 
imaging procedures as the Ultrasound transmission 
or attenuation (BUA and SOS), peripheral computed 
tomography, microanalysis magnetic resonance, and 
dynamic mineralized bone histomorphometry.43,44 
	 Bone quality will also depend on the materials 
deposited when induced remodeling takes place, their 
composition relates to the type and organization of 
bone matrix as well as the kind of crystals, and mineral 
maturation in the bone matrix, i.e.: true, efficient hy-
droxyapatite vs. false, inefficient apatites (fluoride or 
another mineral matrix/organizations).

2.	 Classify the bone remodeling activity as one of the fol-
lowing patterns: A) High bone turnover rate, char-
acterized by predominance of destruction activity 
mediated through osteoclasts/osteocytes. B) Nor-
mal bone turnover rate or C) Low bone turnover. 
In the previous step we did review the importance 
of bone quality of the remnant bone tissue in the 
osteoporotic skeleton, let’s continue analyzing 

the functional characteristics of the already exist-
ing bone, that depend on the kind of remodeling 
activity present and the minerals deposited in the 
mineralization front. The minute-to-minute, as 
well as the long-term, mineral exchange between 
bone and extra cellular fluid will also be affected 
by the homeostasis integrity of bone mineral me-
tabolism.41

	 A)	 As stated at the beginning of this step, if there 
is a high bone turnover rate, bone deteriora-
tion takes place when destruction activity 
through osteoclasts/osteocytes prevails over 
bone formation activity. The left side of figure 
1 depicts this situation. The duration of this 
disequilibrium determines the amount of bone 
mass lost. In this situation, administration of 
an anti-catabolic drug will be very effective, as 
shown in the right side of figure 1. It is very 
apparent that after a potent anti-destructive 
drug is administered in this condition, where 
both cellular activities are increased, bone 
destruction is acutely depressed and this is 
sustained while the drug is administered dur-
ing three years. Notice that bone formation is 

Figure 1. The activities of bone forming  (bold line, 
BF) and bone resorbing units (thin line, BR) are de-
picted before treatment, showing a predominance of 
bone resorbing activity, leading to bone destruction 
and lowering bone mass. When treatment starts at 
basal time, there is a very profound reduction of bone 
resorption (thin) followed by a very slow return of 
bone formation to a semi coupled state at the second 
year of treatment. See text for details
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uncoupled immediately after the administra-
tion of the anti-destructive drug, and slowly 
returns almost to the coupled state after the 
second year of treatment, remaining above 
bone destruction, thus favoring bone gain. The 
increase in BMD will be equal to the amount of 
bone tissue lost during the pre-treatment phase 
of the disease, in other words to the amount 
of bone destroyed. Therefore, administering 
an anti-destructive drug will be useful while 
the activity of bone turnover remains unbal-
anced, and bone formation prevails; the benefit 
will stop when bone formation becomes equal 
to bone destruction, a fact that is generally 
observed after 24 months of effective anti-
destructive therapy with bisphosphonates, 
potent anti-catabolic agents. 

	 B,C)	There is normal or low bone turnover. This 
situation is commonly seen when patients have 
received anti-destructive treatments and/or 
when the patient is approaching old age. These 
patients will benefit from a bone forming agent, 
a drug that will be considered anabolic for bone 
tissue (figure 2). These concepts are quite im-
portant in clinical practice because they provide 
the basis to recapture the interest raised theo-
retically 20 years ago in sequential treatment 
schemes, adjusted according to the periodical 
investigation of bone turnover activity.55

3.	 Depending upon these design criteria: A) Anti-fall 
strategies to prevent fractures in the short term, 
while bone strength is improved in the long term 
with drugs, keeping in mind that a minimum of six 
months is required with the most potent of them. 
B) Choose an effective, scientific based drug regime. 
C) Define treatment targets and time intervals 
at which their results will be evaluated. At these 
subsequent time points, decide whether to continue 
or to change therapy options based on treatment 
efficacy.

	 A)	 Design anti-fall strategies to prevent fractures in 
the short term, while bone strength is being im-
proved. Before treatment is started, the integrity 
of residual bone mass is affected throughout the 
skeleton; improving bone quality and strength 
will take at least six months to be protective 
against new fractures.56 Thus, it is very im-
portant to perform a careful evaluation of the 
patient’s musculoskeletal stability and design 
a program to prevent falls, the most common 
cause of fragility fractures in the elderly.57

	 B)	 Choose an effective drug regimen. Drugs 
available to treat osteoporosis fall into the fol-
lowing categories:42-44 1) Anti-catabolic: drugs 
that decrease bone destruction by restoring 
all hyperactive bone reabsorbing cells to their 
normal state (Osteoclasts and/or osteocytes), 
independently of the intrinsic mechanism 
of drug action. 2) Anabolic: drugs that aug-
ment the bone forming activity through the 
osteoblast related cell lineage. 3) Mixed or 
dual action: agents that have both effects.42-44 
Regardless of the kind of drug treatment used 
to restore deteriorated bone to health, there is 
general agreement on the need of Vitamin D3 
and dietary mineral supplementation in order 
to guarantee normal mineralization of already 
existing osteoid seams or of newly formed 
bone tissue.46-52 Maturation of normal hydroxy-
apatite salts and/or other apatites upon the 
osteoid seams with equivalent biomechanical 
properties is needed to restore the functional 
integrity of the bone’s micro.50,51 A related key 
concern is to demonstrate the kind of bone tis-
sue acquired after treatment with the different 
drugs available in clinical use in.38-41,54

	 C)	 Define the treatment targets and the time 
intervals at which their results will be evalu-

Figure 2. After two years of Biphosphonate treatment 
(BP) BMD approaches a plateau in about 7% gain. In 
the red line,  after one year of BP treatment, an addi-
tional Bone Forming agent (BF) is added, a striking 
gain in BMD is achieved and sustained while treatment 
is maintained. The area under both curves (blue and 
red) depicts the BMD gained
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ated. At these subsequent time points, decide 
to continue or to change therapy options 
based on treatment efficacy. Considering that 
restoration of the remnant bone reserve will 
take at least one year, a fracture that occurs 
during the first year of follow up does not 
represent treatment failure. Time intervals as 
well as biochemical markers of bone turnover 
and determination of changes in BUA or SOS 
attenuation, microanalytical MRI, peripheral 
PCT or BMD should be designed according to 
the individual conditions and/or to follow, if 
available, an internationally accepted clinical 
guideline.

Drug interventions available in Mexico

We will now address some practical issues associated 
with the drugs that are proven to be effective against 
fracture and are available in Mexico.

1.	 Drugs acting predominantly as anti-catabolic or 
anti-destructive agents: These are represented in the 
Mexican scenario by a) Estrogens, b) Selective Estro-
gen receptor modulators and c) Bisphosphonates. 
We will briefly review the highlights of each agent.

	 a)	 Estrogens: The anti-fracture efficacy of estro-
gens alone or combined in different regimes of 
hormone replacement therapy (HRT) is demon-
strated but controversial. While their effect in 
the normalization of bone remodeling as well as 
in BMD is well demonstrated, it is lost as soon 
as from the first month after discontinuation. At 
that time, the activity of bone turnover increases 
with a predominance of the destruction of bone 
by the osteoclasts and osteocytes. Resembling 
the active phase of post menopausal bone loss 
similar to that illustrated in figure 1, and undoes 
the protective effects of the HRT.58

	 b)	 Selective Estrogen Receptor Modulators: The 
role of SERMS is also well documented: they 
normalize and stabilize bone turnover in the 
early postmenopausal period. Raloxifene is the 
only SERM available in Mexico, and its anti-
fracture efficacy makes it an excellent option 
both in the early postmenopausal period as 
well as in elderly women. However, as in the 
case of HRT, the protective effect of SERMS on 
bone mass is lost as soon as one month after 
discontinuation of treatment.59,60

	 c)	 Bisphosphonates: The anti-fracture efficacy 
of bisphosphonates is well documented at 

vertebral and most non-vertebral skeletal sites; 
its effects against proximal femur fractures 
are the best studied.61, 62 There are several 
bisphosphonates of different potencies avail-
able, designed to improve tolerance and long 
term adherence.63-73 These drugs evolved from 
daily treatments to drugs administered weekly, 
monthly or every six to twelve months. One 
such drug, alendronate, incorporates 25 OH 
Vitamin D3, assuring that the patient receives 
his/her weekly recommended amount of this 
steroid, which is important for promoting 
a positive mineral balance and improving 
bone matrix mineralization. This is the only 
bisphosphonate that has been shown to have 
a permanent protective anti-fracture effect 
after discontinuation following a two year 
period of administration.63,74 Almost all of the 
bisphosphonate preparations available today 
are effective in reducing fracture risk by 14 
to 50% after six months of continuous treat-
ment, and provide more than 60% protection 
against fractures if treatment is successfully 
followed for more than 18 months.61-63 These 
results occur irrespective of the administration 
scheme, be it orally at daily, weekly or monthly 
intervals or intravenously every six months or 
once a year.

	 Table I provides a summary of the anti-fracture 
efficacy of anti-destructive agents. Caution must be 
taken after the second year of administration of such 
a regime in order to avoid fatigue damage; after four 
months of administration, the biochemical markers of 
bone turnover should be examined.54 

	 From a public health perspective, compliance 
represents a problem for treatment using bisphospho-
nates. The least favorable effect that would justify an 
investment in population-level treatment with biphos-
phonates would be to decrease the fracture incidence 
by a minimum of 40% in each individual. The available 
evidence demonstrates that an effective six-month 
period is the minimum timeframe needed to attain 
such an effect. Therefore, those regimes that facilitate 
compliance for six months or more, such as injections 
or monthly dosages, may be superior to daily or weekly 
orally administered options.21,22

	 Finally, considering that the fracture risk is so high 
in the population selected by FRAX, the number of cases 
that need treatment to prevent a fracture is cost effec-
tive, making this treatment a very good choice. Studies 
have found that 40 to 60 patients need to be treated to 
prevent one vertebral or proximal femur fracture. This is 
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a highly efficient cost/benefit ratio if one considers that 
direct cost of a single proximal femoral fracture is in the 
range of 37 000 Mexican pesos, while the most expensive 
anti-catabolic treatment available costs a mean 12 000 
Mexican pesos per year (2006 USD dollar parity).75 

2.	 Drugs acting as anabolic, bone forming or dual 
action agents: Parathyroid hormone has long been 
used as a therapeutic agent against osteoporosis 
based on the classic experimental demonstration 
in humans that a daily low dose pulse of PTH, by 
daily morning administration of one gram neutral 
phosphate, increases bone mass if it is followed 
in a sequential scheme by the administration of 
Calcitonin.76-78 These studies were the first clinical 
evidence demonstrating anabolic effects with this 
low dose polypeptide induction. They were pub-
lished two decades ago, before the development 
of the new generation of synthetic PTH analogues 
like teriparatide, which has proven anti-fracture 
efficacy sooner than the most potent anti-catabolic 
compounds; the anti-fracture effect of the former 
is also evident when administered in combination 
therapeutic regimes.78,79 Daily, low dose PTH ad-
ministration or carefully controlled induction is a 
gold standard anti-fracture compound nowadays.

	 Dual-acting drugs like strontium ranelate are rais-
ing hopes for the efficacy of single drug or combination 
regimes that will render better long term results improv-

ing the bone quality and strength achieved,80-83 they are 
available in Mexico, are well tolerated and considering 
their cost, do represent a very good option. 
	 The quality of bone tissue formed by these anabolic 
compounds is normal. Therefore, they do represent a 
great option to start treatment in low or normal bone 
remodeling patients or in those treated with an anti-
catabolic drug once bone remodeling activity reaches 
equilibrium, avoiding the inconvenience of fatigue 
damage.
	 Patient compliance is the single most important 
factor to be considered when choosing between these 
two, daily administered medications. Teriparatide must 
be refrigerated and injected subdermally daily, factors 
that hamper compliance and raise the long-term cost of 
the treatment. While strontium ranelate does not have 
these drawbacks, it must be dissolved in liquid and 
taken on an empty stomach one or two hours before 
meals, factors that adversely influence compliance with 
this drug regimen.

3.	 Combination therapies: On a long-term basis, 
optimal anti-fracture effects can be obtained by 
prescribing a carefully orchestrated sequence of 
anti-catabolic and bone forming agents.77,79

4.	 The Pandemic of 25 OH Vitamin D3 deficiency, 
insufficiency or inefficiency: Quite recently, several 
groups have called attention to an old and very 
well known requisite for bone mineralization, the 
availability of enough Vitamin D3 and its active 

Table 1

Reported results on the effects of different treatment options on non-vertebral bone fractures

Drug and dosage	 Study population	 Length of treatment	 n	 Relative risk IC 95%	 (reference #)

Alendronate> 10 mg/day	 Osteoporotic T <2.0, 7% of data collected from a	 1-4.5	 3 723	 0.5 (0.38, 0.69)	 (1)

	 prevention study

Alendronate >5 mg/day	 Osteoporotic-Cranney (>10mg/day) plus FIT (Vx Fx	 1-4.5	 7 381	 0.66 (0.57, 0.77)	 Meta analysis (1,16)

	 or femoral T score < 2.5)

Hormone Replacement	 Osteoporotic and non osteoporotics (BMD was not	 1-7	 31 333	 0.75 (0.70, 0.81)	 Meta analysis (1,2,3)

Theraphy	 an acceptance requisite)

Ibandronate	 Osteoporotics (Vx Fx and T <2.0)	 3	 2 946	 1.11 (ns) daily 1.09	 (4)

				    (0.79, 1.06)

Raloxifene	 Osteoporotics (Vx Fx or VxT <2.5	 3	 6 961	 0.91 (0.79, 1.06)	 (1,18)

	 or Femoral neck T <2.0)

Resindronate 2.5 	 Osteoporotic (six studies) or Age> 80 years with risk	 3	 12 958	 0.73 (0.61, 0,87)	 (1)

or 5 mg/day	 factors for falls (one study); 0.9% of data are from

	 a prevention study

Resindronate 5 mg/day	 Osteoporotics	 3	 8 000	 0.68 (0.53, 0.87)	 (1)
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metabolites to guarantee positive mineral body 
balance and adequate bone mineralization.42-52

	 It has been demonstrated that although they may 
have normal reference values for Vitamin D3, most 
osteoporotic patients, and more significantly those who 
suffer a fragility fracture, have levels of 25 OH Vitamin 
D3 (calcidiol) insufficient to sustain normal parathyroid 
function.52,74

	 Therefore it is now recommended to measure pa-
tients’ 25 OH Vitamin D3 serum levels in combination 
with total and /or ionized serum calcium and intact 
PTH concentration, in order to improve bone quality 
and strength if low or inefficient Vitamin D3 and high 
intact PTH serum levels are present.52 In table II we 
analyze some data from the literature regarding the 
anti-fracture efficacy in proximal femur fracture of the 
drugs available in Mexico.
	 It is convenient to briefly analyze fatigue damage 
of bone induced by bisphosphonates and its preven-
tion: During the last decade, the generalized use of 
different bisphosphonates on a long-term basis has 
raised the possibility of inducing fatigue damage in 
bone secondary to decreased or blunted normal bone 
remodeling. Most anti-catabolic agents of the kind 
literally stop bone destruction, regardless of whether 
it was involved in a normal BMU remodeling or in 
a pathological one. Scientific evidence suggests that 
stopping the removal of old, damaged bone by normal 
physical activity (micro trauma) with bisphosphonates 

impede the renewal of these bone sections; the bone 
thus becomes old and will develop structural damage 
(fatigue) over time. This situation leads to structural 
inefficacy and paradoxically increases fracture risk, 
beginning after five years of normal osteoclastic, 
osteocytic activity blockade in normal BMUs.38-44,54 In 
order to counteract this situation one must consider 
avoiding administration of anti-catabolic drugs with-
out the evidence of high bone turnover activity or if 
there is no routine access to these determinations, never 
administer a bisphosphonate for more than three years 
without confirmation of bone remodeling activity, 
which is always feasible throughout Mexico.
	 New drug development: Physiologically oriented 
anti-catabolic agents, like demosunab, that target the 
OPG-RANK-L complex, and inhibitors of the different 
cathepsins that regulate the coupling between bone re-
sorptive and bone forming cells, are currently in phase 
III clinical trials. Bone formed under these more physi-
ologically acting therapies is expected to be of normal 
quality and strength.85-87

Conclusions

Mexico, like most countries worldwide, faces an ex-
traordinary opportunity to fight fragility fractures in the 
population at high risk for suffering a fragility fracture 
in the next 10 years. It is feasible because Mexico has 
access to FRAX, and although there is no Mexican data 
base available, the Hispanic data base can be used while 

Table II

Effects of treatment on proximal femur fracture risk

Drug and dose	 Treated population	 Length of treatment	 n	 Relative risk IC 95%	 (reference #)

Alendronate 5 10 mg/day	 Osteoporotics (vertebral fx o T<2.5)	 1-.4.5	 6 804	 0.45 (0.28, 0.71)	 (1)

Alendronate 5 10 mg/day	 Osteoporotics- (vertebral fractures or T <2.,0)	 1-4.5	 9 023	 0.55 (0.36, 0.84)	 (1)

Alendronate >5 mg/day	 Osteoporotics and not osteoporotics (some data	 1-4.5	 11 808	 0.63 (0.43, 0.92)	 (2)

	 from prevention studies)

Alendronate >10 mg/day	 Osteoporotics (T store <2.0), 7% of data from	 1-4.5	 3 723	 0.45 (0.18, 1.13)	 (2)

	 prevention studies

Hormone replacement	 Osteoporotics and not osteoporotics (BMD was	 5-7	 27 347	 0.64 (0.49, 0.84)	 Meta analysis (3,4)

therapy	 not a requirement)

Ibandronate	 Osteoporotics (vertebral fx and Tscore <2.0)	 3	 3 929	 1.50 (0.42, 5.33)	 (5)

				    2.76 (0.88, 8.71)

Raloxifene	 Osteoporotics (vertebral fx or vertebral T score	 3	 7 705	 1.1 (0.6, 1.9)	 (9)

	 <2.5 or femoral T <2.0)

Risedronate	 Osteoporotic (three studies) or age >80 with risk	 3	 13 015	 0.74 (0.58, 0.94)	 Meta analysis (6,7,8)

	 factors or fall (one study)



S123salud pública de méxico / vol. 51, suplemento 1 de 2009

Treatment options for osteoporosis Artículo especial

the Mexican one is validated. There are facilities to de-
termine BMD in the lumbar spine and proximal femur 
in almost all major cities of the country and the number 
of peripheral equipment for BMD screening is growing. 
Moreover, the drugs proven to be useful as anti-fracture 
agents are available and there is growing awareness 
among the population that this is a preventable compli-
cation with better quality of life expectancy. 
	 This is an opportune moment to positively im-
pact our health system with an effective case finding 
strategy undertaken in high risk populations, coupled 
with an early intervention clinical guideline strategy 
based on the best available scientific evidence, to lower 
the global burden of osteoporosis and metabolic bone 
disease. It is expected that such an intervention would 
both lower the incidence of fragility bone fractures and 
decrease the number of osteoporotic patients in the 
coming decades.3-5 
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