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Osteoporosis in primary care

steoporosis (OP) is a highly preva-
lent chronic disease which consti-
tutes a public health problem, with
significant medical and socioeco-
nomic repercussions due, respecti-
vely, to the morbid-mortality which
it brings and the direct and indirect
costs which it generates. It is

expected that with demographic changes which
are happening, and the aging of the population, if
there is no immediate intervention in clinical prac-
tice, the number of patients who will suffer at least
one fracture will become greater.
This is a silent disease; there are often neither
signs nor early symptoms which alert us to its pre-
sence until the fracture occurs. It is these fractures
which give clinical importance to the disease:
more than half of women and a third of men will
experience osteoporotic fractures during the cour-
se of their lives.
Free to run its course, the disease follows a chro-
nic and progressive path, in which the appearan-
ce of fractures increases notably the risk of new
fractures in other places, with the consequent
deterioration in the quality of life of the patient.
However, we have an opportunity to modify the
course of this disease, through preventative mea-
sures which help avoid the loss of bone mass and
reduce the risk of fracture, and by the treatment of
patients with OP with the same aim. 
When a pathology reaches the magnitude of oste-
oporosis, an approach which involves all health
professionals is essential. This includes doctors in
primary health care, due to their accessibility, the
continuity in their dealings with patients throug-
hout their lives, and the general nature of their
care. 
The majority of patients with osteoporosis should
have been attended to in primary care. In order for
this to happen, the doctors need to have the kno-
wledge, skills and diagnostic tools which allow the
correct management of these patients. There will
be certain circumstances in which it will be advisa-
ble to refer the patient to a specialist.
It is often difficult to know what is the most
appropriate action to take. In part, this difficulty in
management lies in the fact that, given the multi-
disciplinary approach, there is a range of guides to

clinical practice and recommendations from diffe-
rent scientific societies. There is little or no doubt
in relation to secondary prevention, which is to
say that, no patient with an osteoporotic fracture
should leave the surgery without an evaluation of
the risk of new fractures and an adequate thera-
peutic plan, with or without the use of drugs. The
great difficulty is in finding uniform criteria to be
used at the time of treatment in primary care. Until
very recently this was solely based on densitome-
tric (DXA) T-score values; the approach currently
recommended is to assess the densitometry and
clinical risk factors jointly, evaluating the absolute
risk of fracture in the following years. All these
difficulties in obtaining uniform criteria for assess-
ment, and for indications for treatment, are espe-
cially important in primary care, where the diffi-
culty in accessing diagnostic tests (essentially
bone densitometry) represents the greatest obsta-
cle. Equally important is the fact that the cost of
drugs for antiresorptive treatment has increased
notably in our country. In this edition of the
review, Martínez and his collaborators analyse
how appropriate prescribing is in relation to the
recommendations of the guide for the manage-
ment of osteoporosis in primary care published by
SEMFYC in 2002. 
Currently, the appearance of the FRAX tool, and
the better knowledge of osteoporosis and its
various treatments require us to rethink whether
to continue in this way, or whether it is necessary
to modify the indications as to who to treat, over
what period of time, with which drug, etc.
In recent years, different working groups have
also carried out studies in this area. All describe
populations which are quite similar in primary
care clinics in different geographical areas, and
similar age groups, around 65 years of age, with a
prevalence of previous fracture of 20-25% and
with a body mass index (BMI) also similar (above
26-27). However, the variation in terms of whether
or not the prescription is appropriate to the
recommendations is notable. The work of
Martínez et al., observed a percentage of appro-
priate prescription of biphosphonates of 55%,
with 30% in which it was not possible to determi-
ne, and 13.7% being inappropriate. They therefo-
re conclude that in less than 15% of cases was the
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prescription considered to be inappropriate. 
This percentage is much lower than the findings
of other works carried out in this country with
populations with similar characteristics. Arana Arri1

found that 26.8% of patients who did not have any
risk factor in their history, did however, receive
treatment. Of the women who had had a diagnos-
tic test (60% of the total) 42% were inappropriately
treated, either excessively or deficiently. And
Amaya et al.2 concluded that the prescription was
appropriate to the recommendations in only 25.4%
of patients. In the publication by Terol3, 62% of
treatments were not appropriate to the clinical
practice guides, without differences between spe-
cialisms.
In the work of De Felipe4, carried out in 212
women treated with antiresorptive drugs, there
was a record of densitometry in 73.1% of those
treated, and only 51.8% complied with the criteria
for treatment. 
Finally, Zwart5 concludes that primary care doctors
seldom comply with the guidelines from the gui-
des, and more specifically, the SEMFYC guide for
the diagnosis and treatment of osteoporosis. At the
same level of appropriateness as Martínez is the
work of Pérez6, which finds a high degree of
appropriateness to the SEIOMM guide, both in pri-
mary care (71%) and in specialist care (78%), with
no significant differences.
We believe the work of Martínez et al. to be highly
pertinent, for us, once again, reflecting the neces-
sity of uniform recommendations for our patients,
independent of the environment and of the pro-

fessional by whom they are treated, based on the
best possible scientific evidence, both for the diag-
nosis, as well as for the indication of treatment
and most appropriate therapeutic option at that
particular time.
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Summary
Background: To assess the appropriateness of the prescription of antiresorptive drugs according to the
Guide to Osteoporosis of the Spanish Society for Family and Community Medicine (SEMFYC).
Material and methods: Descriptive transversal study carried out in two urban primary care centres. Out
of all those patients who had taken an antiresorptive drug and/or had a diagnosis of osteoporosis, a sam-
ple of 411 patients was studied. Those who took the drug for other reasons (13), with diagnostic errors
(8), exitus (3), or lacking clinical history (16) were excluded. Variables were recorded: age, sex, personal
and family history of fractures, T and Z densitometric scores, type of antiresorptive drug, calcium and
vitamin D supplements, and the specialist who initially indicated treatment. The appropriateness of the
prescription was assessed according to whether or not it complied with the criteria in the SEMFYC Guide.
Results: 371 patients complied with the inclusion criteria. Of these, 96.5% were women. The average age
was 68 years (standard deviation -SD-: 9.4). In 288 patients (77.6%) the personal antecedence of fractu-
res was assessed, and in 21 (5.7%), that of the family. Densitometry had been carried out in 65.5% of
patients. 65.2% had taken biphosphonates, and 14.8%, raloxifene. 72.8% were receiving vitamin D sup-
plements, and 76%, calcium. In 30.5% of cases the treatment was initiated by the family doctor, in 21%
by a traumatologist and in 14.3%, by a gynaecologist. In 204 patients (55%) the antiresorptive prescrip-
tion was appropriate, in 113 cases (30.5%) it was not possible to determine the appropriateness, and in
51 (13.7%) it was inappropriate.
Conclusions: The prescription was inappropriate in fewer than 15% of patients, with biphosphonates the
drugs most commonly used. In a third of patients densitometry was not carried out.

Key words: osteoporosis, Primary care, protocols, biphosphonates, strontium ranelate, raloxifene.



Introduction
Osteoporosis is a disease of the skeleton characte-
rised by a reduction in bone resistance which expo-
ses the individual to a higher risk of fractures1.
These fractures are the sole clinical consequence of
osteoporosis, appearing in women from their fifth
decade of life, and in men, later. In order of clini-
cal importance, these fractures are those of the pro-
ximal femur, distal forearm and the spinal column2,3.

It constitutes a major public health problem
given its high prevalence (of 50% in women over
70 years of age)4 and the socioeconomic repercus-
sions which these fractures have. In Spain, there
are 30,000 hip fractures a year5, their incidence
increasing exponentially and becoming a worr-
ying problem in the elderly population. The treat-
ment of these fractures carries a cost of some 720
million euros a year in our country.

We have available an arsenal of antiresorptive
drugs (AD), such as the biphosphonates, raloxifene
and strontium ranelate amongst others, which have
shown a good cost-benefit ratio, taking into account
the risk of fracture. Various works have shown that
we seldom prescribe them in the presence of ante-
cedent fragility fractures6, and that when we do indi-
cate them, their prescription is not in accordance
with the guidance7. We have available many recom-
mendations from experts, both national and interna-
tional, on when we should treat; some consider that
the sole criterion is densitometric value, while
others (the Spanish Society of Family and
Community Medicine, the Spanish Society for bone
and Mineral Metabolism Research, the National
Osteoporosis Foundation, and many more) consider
the diagnostic threshold to be different from the tre-
atment threshold, and, as well as bone mass, consi-
der the presence of other risk factors.

These drugs carry a high health cost. As an
example, in Catalonia in the year 2008 the phar-
macy costs of drugs for use against osteoporosis
represented 35% of the cost of specialised drugs
(some 485 million euros out of a total of 1,388
million euros).

For all these reasons, we would like to see to
what extent the prescription of these drugs is appro-
priate to that set out in the Guide to Osteoporosis of
the Spanish Society of Family and Community
Medicine (SEMFYC) published in 20088.

Material and methods
A transverse descriptive study was carried out in
two health centres in the urban area of the city of
Barcelona which serves a population of 45,851
inhabitants, of whom 22.7% are older than 65
years of age. Women of 50 years or more repre-
sent 44.9% of the total of women, and men of 60
years or more, 26.2% of all the men.

Using the computerised clinical history records
system of the centre at the start of 2007, all those
patients who had had a diagnosis of osteoporosis
recorded (categories CIE 10 M80 and M81, M82
and their subcategories) were identified. Using the
computerised prescription system, all the patients
who had taken any AD (alendronate, risedronate,

raloxifene, strontium ranelate or calcitonin) were
listed, obtaining a total of 1,806 patients with a
recorded diagnosis of osteoporosis and/or
currently using an AD. For the calculation of the
sample size, in the absence of previous studies, a
test pilot study was carried out, which observed
an adequacy rate of 65%. Accepting an alpha risk
of 0.5 in a bilateral contrast as a proportion, the
sample size was calculated of 411 subjects, assu-
ming that the population is the total, and a repo-
sition rate of 0.25. Reasons for exclusion were
considered to be diagnostic errors, absence of cli-
nical history, those who took ADs for other  rea-
sons and those who were deceased. A simple ran-
dom sampling was carried out.

The paper and computerised clinical histories
were reviewed and the following data were gathe-
red: age, sex, personal (PAF) and familial (FAF)
antecedence of fracture, maximum values of T and
Z scores (in the lumbar spine L2-L4, femoral neck
and total hip) in the first bone densitometry
carried out through dual X-ray absorptiometry, the
specialisation of the doctors who initiated the tre-
atment and who carried out the follow up, the
type of AD, supplements of calcium and vitamin
D and the appropriateness of the prescription.
This last variable was defined as appropriate when
it complied with the criteria of the Guide to
Osteoporosis of SEMFYC (Figure 1) and an AD
needed to be taken, inappropriate when they did
not comply, and indeterminate when not all the
data needed to evaluate it were available. The
inappropriateness criterion included two subcate-
gories: a lack (when an AD needed to be taken
but was not prescribed) and an excess (when an
AD was given but should not have been taken).

The SPSS.11 software package was used for the
analysis. The results were presented with measu-
res of central tendencies and with absolute and
relative frequencies for the qualitative variables.
To study the differences between the groups the
chi squared (χ2) test was used with p <0.05.

Results
Of the 411 patients studied, 40 (9.7%) were exclu-
ded (8 due to diagnostic error, 16 for absence of
history, 13 for taking ADs for other reasons and 3
due to exitus), leaving 371 patients.

The average age of the a patients was 68 years
(SD: 9.4); 96.5% were women. 247 patients
(66.6%) had a diagnosis of osteoporosis recorded
in its different CIE-10 categories: osteoporosis with
pathological fracture (M80) in 53 patients (21.4%),
osteoporosis without pathological fracture (M81)
in 193 patients (78.1%), and osteoporosis in dise-
ases classified in other places (M82) in one case
(0.5%). Densitometry was performed in 243 sub-
jects (65.5%), 167 cases of which complied with
the diagnostic criteria for osteoporosis according
to the definition of the WHO (Table 1). In 288
patients (77.6%) personal history of fracture had
been recorded (Table 2), and in 20 (5.4%) a fami-
lial antecedent. The specialist who most frequently
initiated the treatment and carried out the follow
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up was the family doctor (GP), followed by the
rheumatologist (R), the traumatologist (T) and the
gynaecologist (G) (Figure 2).

With respect to treatment, 242 patients (65.2%)
took biphosphonates 55 (14.8%) raloxifene, 11
(3%) strontium ranelate, 5 (1.3%) calcitonin and 1
patient (0.3%) was prescribed more than one asso-
ciated AD. 57 patients (14.4%) took no AD. In
terms of calcium and vitamin D supplements, 282
(76%) and 270 (72.8%) patients, respectively,
received them. 

In analysing by subgroups of prescribing doc-
tor (Figure 3), biphosphonates and raloxifene con-
tinued to be the most commonly used ADs, with
statistically significant differences being observed
between the gynaecologists and the other specia-
lists (χ2= 20.29; p<0.05) in favour of a higher use
of raloxifene on the part of the gynaecologist.

In 204 patients (55%) the prescription was defi-
ned as appropriate, and in 51 (13.7) as inappropria-
te (31 by lack of AD and 20 due to its excess). By
specialist, (Figure 4), no statistically significant dif-
ferences were observed between appropriateness
and inappropriateness (χ2= 4.19; p>0.05). 116 cases
(31.3%) were indeterminate. In analysing the prin-
cipal causes of indeterminacy it was observed that
83 patients did not have densitometry in their clini-
cal history, and 45 had personal history of fracture.

Discussion
There are various consensus guides about when
antiresorptive drugs should be used in osteoporo-
sis in our ambit. The choice of the criteria propo-
sed by the SEMFYC is due to the fact that it does
not only consider the T- and Z-score densitometric
values as the sole criterion for the recommenda-
tion of treatment, but it also values other risk fac-
tors, which are, principally, age and personal his-
tory of fracture. So not only is bone mineral den-
sity taken into account but other risk factors for
osteoporosis, which allows the selection of a high
risk population, thus increasing the positive pre-
dictive value of densitometry.

In analysing the appropriateness of the pres-
cription we observe that in little more than 13% of
cases was the prescription inappropriate, and if
we considered only those patients who had been
prescribed some antiresorptive drug (314 cases)
we find that 6.4% should not have taken them. In
our ambit there are few works which have asses-
sed the appropriateness of prescription; Zwart et
al.7 showed that in women between 50 and 80
years of age it is only considered to be justified in
8%, data disparate from those observed by us,
where the appropriateness was 55%.

We find a high number of cases where the
prescription was indeterminate. If we consider

Figure 1. Algorithm for therapeutic decisions in osteoporosis (adapted from the SEMFYC Guide 2000)

Age

< 65 years

< -1 SD   ≥ -1 SD < -1 SD ≥ -1 SD < -1 SD ≥ -1 SD < -1 SD   ≥ -1 SD ≥ -1 SD < -2.5 SD 

Vertebral
fracture

T score T score

NOT TRAY

T score Z score Z score

Non vertebral
fracture

Non
fracture

Vertebral fracture
or hip

Other
fracture

Non
fracture

Treat

Treat Treat Treat Treat TreatAssess
FR

> 65 years

Between -1 
and -2.5 SD 
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only those cases in which we have been able to
determine the appropriateness (in 255 patients)
we observe that in 20 patients (7.8%) who took an
AD it would not be indicated. One of the princi-
pal limitations which we faced in designing this
study was the known under-recording of compu-
terised clinical histories. This was taken into
account at the time of design of the study in the
patient selection and data-gathering phases. In the
selection, all those patients who had taken an AD
were also reviewed so as not to miss patients who

had not been recorded correctly (in a third of
those cases studied there was no diagnosis of
osteoporosis). In the data gathering phase it was
decided to review also paper-based clinical histo-
ries so as not to lose any information.

There were no significant differences in terms
of appropriateness of prescription between spe-
cialists, and those that were seen were in terms of
the use of ADs between gynaecologists and the
other specialists, the former using raloxifene to a
greater extent. In a study carried out in Navarra9

Table 1. T-score and Z-score values observed by age subgroups in patients who had densitometries

Table 2. Personal history of fractures noted in clinical history

≤ 70 years 
(n=143)

> 70 years
(n=100)

Total
(n=243)

T score

< -2.5 94 (65.7%) 73 (73%) 167 (68.7%)

Between –1 
and –2.5 25 (17.5%) 8 (8%) 33 (13.6%)

> -1 2 (1.4%) 1 (1%) 3 (1.2%)

Not stated 22 (15.4%) 18 (18%) 40 (16.5%)

Z score

< -1 25 (17.5%) 9 (9%) 34 (14%)

≥ -1 8 (5.6%) 16 (16%) 24 (9.9%)

Not stated 110 (76.9%) 75 (75%) 185 (76.1%)

Absolute frequency Relative frequency

Fracture 89 24%

Vertebral 46 51.7%

Hip 3 3.4%

Multiple 12 13.5%

Other 28 31.4%

Non fracture 199 53.6%

Not stated 83 22.4%
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on the use of drugs for osteoporosis, a greater use
of raloxifene was also observed on the part of
gynaecologists. It may be possible to explain this
by its role in the reduction in the incidence of oes-
trogen receptive positive invasive breast cancer in
low risk women10, and for treatment of a younger
population (average age 62 ± 8 years) where ver-
tebral fracture is more significant than that of the
hip11. Raloxifene has been shown to reduce the
risk of suffering vertebral12, but not non-vertebral,
fractures.

With respect to the use of calcium and vitamin
D, three out of every four patients received sup-
plements. This addresses two modifiable risk fac-
tors for osteoporosis13,14, of which there is eviden-
ce that substitutive treatment in patients with a
low intake of calcium and low levels of vitamin D
would have an preventative effect on fractures, in
particular in the population of elderly and institu-
tionalised women15,16.

In spite of the high level of accessibility of den-
sitometry (100% in our centres) a low level of

Not stated

Others

Rheumatologist

Gynaecologist

Traumatologist

Family doctor
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Figure 2. Medical specialisation of the professionals who initiated the treatment (prescriber) and who carried
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Figure 3. Types of antiresorptive drugs according to professional prescriber

80

N patients

Biphosphonate
Calcitonin

Raloxifene
More than one

Strontium ranelate
None

MF

113
69 (SD 9.8)

27:1 12:1 1:0 18:0

70 (SD 8.1) 62 (SD 8) 69 (SD 8.3)
78 53 58

R G T

Average age

Female:male

60

%   40

20

0

81
ORIGINALS / Rev Osteoporos Metab Miner 2011 3;2:77-83



actual performance of this procedure was found
(in 6 out of every 10 cases), even though some
societies such as the National Institute for Health
and Clinical Excellence (NICE)17 are certainly
recommending the use of biphosphonates in
secondary prevention to treatment of women of
75 years of age with previous fractures without the
need to carry out densitometry. In our study this
would mean 14 women out of a total of 128 not
having densitometry. Recently PAPPS, in their
recommendations18, propose an algorithm for
taking decisions in the prevention of fractures in
women, in which they also recommend initiating
treatment before the presence of certain risk fac-
tors (personal history of peripheral fractures at
over 50 years of age, history of morphometric ver-
tebral fractures, family history of hip fracture and
body mass index below 19 kg/m2), without the
need for densitometry in women over 60 years of
age. Since the carrying out of our work a new ver-
sion of the SEMFYC Guide has been published19,
which introduces as new elements in the thera-
peutic algorithm the consideration of treatment
before the presence of earlier fractures, and, in
their absence, consideration of the T values and
other risk factors (maternal history of fracture,
high risk of falls and low weight).

Finally, we mention that in this work appro-
priateness does not make reference to the fact that
one or other AD may be more or less effective in
the prevention of fractures, or may have a higher
or lower level of cost-effectiveness, since there are
already many studies12,20-22 which endorse these
effects, which are not covered in the objectives of
our work.

Thus we may conclude that, in spite of the pro-
blems we have found in the clinical history data
records , in those cases in which we were able to
determine the appropriateness of the prescription,
this was high. The publication of new recommen-

dations raise, for us, the possibility of appropriate-
ness at the present moment. We think that perhaps
in the design of a future study it would be more
interesting to contact patients to gather data on the
different risk factors,  thus minimising  the loss of
information. On reflection, it would also be inte-
resting for each professional to think about the
possible causes of the poor recording of data.
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Summary
The FRAX® tool has been developed as an aid to predict the 10-year probability of hip and major osteo-
porotic fracture using country-specific data. This algorithm combines clinical risk factors with or without
the bone mineral density (BMD) measurement to identify subjects in high risk of fragility fracture. The
aim of this study was to challenge the Spanish version of the WHO fracture risk assessment tool FRAX®

on a cohort of women with BMD measurement indication. 
Methods:Clinical and BMD data from a large population cohort taken from metropolitan area of Barcelona
were used for this study. Inclusion criteria were: age range 40-90 yrs, clinical risk factors, femoral neck
BMD T-score available and follow-up longer than 7 years. Main outcome was: major osteoporotic frac-
ture at least 7 years after the first BMD measurement. The total number of predicted fractures by the FRAX
algorithm was compared with the total number of new registered fractures during the follow-up time in
the study population and expressed as observed - expected fracture (O/E) ratio. Results were stratified
by age; BMD results  and number of clinical risk factors were included in the FRAX algorithm. 
Results: 8450 women were included, 69% were under 60 years and 14% presented a previous fracture.
After follow-up, 10% had a major osteoporotic fracture. Wrist was the most incident fracture site and hip
accounted only for 0.9% of the total. The 52% of the main fractures happened in women with none or
only one risk factor. The fracture ratio (O/E) was 0.8 [CI 95%: 0.7 ; 1.1] for hip fractures and 3.1 [CI 95%:
2.8 ; 3.5] for the main osteoporotic fractures. The O/E ratio was lower as higher was the age of women
(for those older than 70 O/E=1.9 [CI 95%: 1.6 ; 4.3]), longer the follow-up time (for those with more than
10 years O/E=2.7 [CI 95%: 2.2 ; 3.4]) or fewer number of risk factors (O/E=3.2 [CI 95%: 2.7 ; 3.9]). 
Conclusions: The Spanish version of the FRAX® algorithm for this population is reasonably well adjusted
to predict hip fractures but underestimates the observed main osteoporotic fracture incidence, independ-
ently of the T-score, and number of risk factors. 

Key words: osteoporosis, fractures, absolute risk, FRAX, double energy X-ray absorptiometry, DXA, Spanish population.
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Introduction
The preoccupation in the clinical management of
osteoporosis with criteria for cost-effectiveness has
shown up the necessity to improve the identifica-
tion of the people who will benefit from specific
treatment. This concern has stimulated the deve-
lopment of procedures for evaluating the risk of
fracture using the principal risk factors.

The estimation of the risk of fracture is the
most rational approach for taking therapeutic
decisions regarding a patient with suspected bone
fragility.

The group of experts in bone metabolism dise-
ases who collaborate with the World Health
Organisation (WHO) have developed an instru-
ment for identifying those persons at highest risk
of fracture in the period of 10 years subsequent to
the evaluation. The new instrument, called FRAX®,
combines the principal factors for risk of fracture
with the alternative of incorporating measurement
of bone mineral density (BMD) when this is avai-
lable1.

The FRAX® tool has been developed by a
group of researchers  led by Prof. John Kanis, with
the support of many experts and scientific organi-
sations. To facilitate its application the authors
have carefully selected those risk factors which
should be included, limiting them to those which
have the greatest ability to predict fractures. The
tool is accessible through an internet portal:
(http://www.shef.ac.uk/FRAX). 

Among those factors related to fractures, redu-
ced BMD has been identified as one of the main
ones due to its close relationship with bone resis-
tance. Other factors have been identified which
also contribute significantly to the risk of fracture.
Notable amongst those are: family antecedence of
fragility fractures, personal history of fragility frac-
tures, low body weight, the habit of smoking and
age. This last factor reinforces the negative effect
of reduced BMD, or of other factors, it being one
of the most significant predictors of fracture inde-
pendent of BMD.

The degrees of risk which FRAX® uses for the
prediction of osteoporotic fractures have been
derived from the combination of multiple studies
of the incidence of fractures in different cohorts.
The studies of the incidence of femoral fractures
are the most frequent, due to the fact that, in the
majority of cases, these events require hospitalisa-
tion or surgical intervention, elements which are
easily traceable in health records. With the object
of compensating for the lower level of availability
of data on other fractures, the FRAX® model assu-
mes that the ratio between femoral fractures and
other osteoporotic fractures is similar in different
populations, accepting this ratio as a constant.
This constant was obtained from studies carried
out in the population of Mälmo (Sweden)2,3.

This element which currently characterises
FRAX® is presumed to allow the application of the
model to different countries in which different
incidences of hip fracture are recognised4. At pre-
sent, version (3.1) of FRAX® allows the calculation

of the absolute risk of fracture for the populations
of 26 countries in 5 continents.

FRAX® estimates the risk of fracture for one of
the four principal osteoporotic fractures, which
are fracture of the proximal femur, of the wrist, of
the proximal third of the humerus and vertebral
fractures. The region of the femur receives special
attention, with individualised evaluation, due to its
clinical importance, and because of the greater
quality of the epidemiological data.

With the aim of adapting the FRAX® model to
the Spanish population, the authors have used
information published on the incidence of proxi-
mal femoral fractures recorded in Barcelona
(1984), the Canaries (1990), Zamora (1991), in
prospective studies in Seville and Madrid (1989),
and on the incidence in Cantabria with follow up
over a long period of time4. A representation of a
number of studies on the incidence of hip fractu-
res in various regions of Spain is shown in figure
1, indicating those which were used in the deve-
lopment of FRAX®. 

The importance of the application of the ver-
sion of FRAX® for Spain in our community requi-
res the validation of the tool.

The aim of this study is the assessment of the
version of the FRAX® tool  developed for Spain for
the calculation of the individual’s absolute risk of
fracture over a period of 10 years in a cohort of
the female population with indications for the
carrying out of a bone densitometry (BD).

Material and method
The ability of the FRAX® tool designed for Spain to
predict fractures was evaluated in a cohort of the
female population followed in successive visits
over a period of time longer than 7 years. The
design corresponds to a retrospective longitudinal
study. The cohort was made up of women older
than 40 years of age with indications for bone
densitometry and from whom had been gathered,
during their follow up visits, information on the
incidence of bone fractures.

During their first visit a BD of the hip and
spine was carried out following a specific proto-
col, as well as a structured interview and a valida-
ted survey of calcium consumption. The results of
the femoral bone measurements from the first visit
and the clinical risk factors (CRF) considered by
FRAX® were estimated.

Measurement of bone mineral density
The acquisition method was adjusted to the

measurement protocol recommended by the
makers of the measurement equipment, using the
measurement of the region of interest in absolute
values (g/cm2) and as a T-score (comparison of
the result of the measurement with respect to refe-
rence values obtained from the healthy Spanish
population between 20 and 40 years of age).
During the period of time covered by this study
different measurement equipment was used from
the same manufacturer Lunar Corp. - GE
Healthcare Madison WI, US (models: DPX, DPX-L
and Prodigy). 
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Population of the study
For the selection of the partici-

pants in the cohort the CETIR
(Centre for Technical Studies with
Radioactive Isotopes) database
was used. This is a medical centre
in the city of Barcelona dedicated
to diagnostic imaging and in which
bone densitometries using the
technique of dual energy X-ray
absorptiometry (DXA) have been
carried out since 1989. The databa-
se systematically brings together
the principal clinical risk factors
and the BMD in the femoral neck
since 1992.

At each visit questions from an
epidemiological questionnaire
were asked, taking anthropometric
measurements. The questionnaire
gathered data about family and
personal history of osteoporosis,
co-morbidity, treatments, period of
application, bone fractures, smo-
king habits, consumption of alco-
hol and of calcium, calculating this
last element using a questionnaire
about eating habits. The indication
for the measurement of BMD was
made in accordance with the pre-
sence of CRFs, following the strate-
gic lines of selective screening pro-
posed by the clinical guides
published in Spain and reports of
the Catalan Agency for the
Evaluation of Technology and
Medical Research5-7.

The inclusion criteria were: 1)
female sex, 2) a measurement of
bone mineral density having been
taken in the proximal third of the
femur, 3) availability of valid data
from an epidemiological survey
from the first visit, and 4) availabi-
lity of follow up with more than
one visit after the first baseline
study, during a period of time
which coincides with the period of
up to 10 years foreseen by the
FRAX® tool, after the first visit. 

Using these criteria a cohort of
women was selected in whom had been carried
out measurements of BMD in the upper third of
the femur between January 1992 and February
2009, using the aforementioned DXA (dual energy
X-ray absorptiometry) densitometers.

All the BD examinations were carried out
within a set protocol in which were recorded the
biographical data of the patient, information about
the method used in the DXA measurement, indi-
cation of the test, medical report, questionnaire on
the presence of principal clinical risk factors, toxic
habits, lifestyle, gynaecological history, treatments
and intake of calcium calculated by means of a

questionnaire about the dietary use of the main
foods which contain calcium, and its frequency.
The main variable of the study was the presence
of fragility fractures observed during the follow
up. At each visit the patient was asked about the
number and location of fractures which had occu-
rred since the last visit. The osteoporotic fractures
which FRAX® assesses are found in the upper third
of the femur, in the vertebrae, in the wrist and in
the humerus. Other fractures attributed to bone
fragility, such as those of the pelvis, ribs, fingers,
etc., were not considered in this study3. The verte-
bral fractures recorded were always those which

Table 1. Clinical risk factors. Percentages of the total cohort analysed

Clinical risk factors n %

Age (years) < 60 5,831 69.0

60-69 2,267 26.8

≥ 70 352 4.2

Body mass index (kg/m2) < 25 3,317 39.3

25-30 3,741 44.3

> 30 1,392 16.5

Family antecedents of fractures 2,101 24.9

Personal antecedents of osteoporotic fractures 1,146 13.6

Corticoids 254 3.0

Rheumatoid arthritis 74 0.9

Current smoking habit 596 7.1

Alcohol consumption 3 --

T-score in femoral neck >-1 2,745 32.5

-2.5 a -1 4,490 53.1

<-2.5 1,215 14.4

Number of risk factors: 0 124 1.5

1 4,733 56.0

2 2,901 34.3

3 583 6.9

≥ 4 109 1.4
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could be confirmed by radiography or by analysis
of vertebral fracture using DXA. The diagnosis of
vertebral deformity fractures was carried out using
Genant’s semi-quantitative method, which is used
to diagnose vertebral deformity when there is a
loss of one of the three vertebral heights of the
vertebral body (using the lateral projection) of at
least 20%. The method classifies the fractures
according to type of deformity and their severity
(a reduction of 20-25% in anterior, medial or pos-
terior height, Grade I or light; loss of 25-40%,
Grade II or moderate; and if the loss is higher than
40%, Grade III or severe)8.

Fractures associated with moderate or severe
trauma were excluded. The result of the BMD was
recorded as a T-score and stratified in three cate-
gories: normal BMD (T-score >-1); low bone mass
(T-score between -1 and -2.5); and osteoporosis
(T-score <-2.5).

The personal history recorded
any pathologies which the patient
had suffered and the drugs they
were consuming or had consu-
med, as well as the personal and
family history of osteoporotic frac-
tures and of osteoporosis. With the
aim of adapting to the FRAX®

model, those pathological antece-
dents which contribute secondarily
to the reduction of bone mass
(hyperparathyroidism, diabetes
mellitus, anorexia nervosa, anae-
mia, hyperthyroidism, gastrectomy,
etc. ) were selected. Antecedence
of rheumatoid arthritis, or the inta-
ke of glucorticoids were recorded
in a differentiated way. Data on
gynaecologicial history were regis-
tered, such as age of menarche
and age of menopause, number of
gestations (of over 6 months),
maternal lactation and anteceden-
ce of hysterectomy continued to be
recorded.  Finally, the following
variables were taken into account:
level of physical activity (sedentari-
ness, yes/no). Consumption of
tobacco (active smoker, ex-smoker
or non-smoker) and daily intake of
calcium (expressed in mg/day).

The probability of proximal
femoral fracture and of the main
regions of the skeleton were cal-
culated for each woman using the
FRAX® tool in its version for Spain.

Statistical analysis
An initial descriptive analysis was
carried out, calculating the frequen-
cies and percentages for each of
the categorical variables. For the
quantitative variables the average
and standard deviation (SD) was
calculated. To determine the asso-

ciation between the different risk factors and the
study’s main variable (osteoporotic fracture), the
relative risk (RR) was calculated with the confiden-
ce interval (CI) corresponding to 95%, using the
Cox model. To evaluate the predictive capacity of
the FRAX® model the ratio of the fractures expec-
ted from the model, as a result of the sum of the
probabilities of fracture for each patient, to the
number of fractures observed in the follow up
period was calculated. Similarly, the ROC (Receiver
Operating Characteristics) curves were estimated to
evaluate the capacity to predict fractures using
solely the CRFs or the measurement of BMD, and
the FRAX® tool which combines the CRFs and the
measurement of the BMD in the femoral neck. 

The results are considered to be statistically signi-
ficant with p value of p<0.05. The statistical software
package Stat 11.0 for Windows was used for the
management of the data and in the statistical analysis. 

Variable HR CI 95%

Age (≥ 60, < 70 years) 2.0 1.7 ; 2.3

Age (≥ 70 years) 2.5 1.9 , 3.3

Family antecedence of osteoporosis
or fracture 1.1 1.0 ; 1.3

Secondary osteoporosis 2.3 1.7 ; 3.1

Rheumatoid arthritis 2.7 1.7 ; 4.3

Antecedents of osteoporotic fractures1 1.5 1.2 ; 1.9

Corticoids 2.0 1.5 ; 2.7

Nuliparity (no gestation of more than
6 months) 0.94 0.8 ; 1.2

No maternal lactation 1.1 0.9 ; 1.2

BMI: overweight or sedentary obesity
(≥ 25 kg/m2) 1.2 1.1 ; 1.4

Sedentariness 1.2 1.0 ; 1.4

Tobacco consumption: active smoker 0.8 0.6 ; 1.1

Low daily intake of calcium 
(<500 mg/day) 0.8 0.6 ; 1.0

Table 2. Estimation of the hazard ratios of total fracture of the
principal risk factors

1: personal antecedence of fracture of the humerus, forearm, verte-
bra and/or hip.
HR: hazard ratio; IC 95%: confidence interval of 95%
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Table 3. Ratio of total observes fractures to those predicted with
the FRAX® model

Table 4. Ratio of hip fractures observed to those expected with
the FRAX® model

Total OBS PRE O/P CI 95%

842 353 2.4 2.1 ; 2.7

BMD

Normal 184 57 3.2 2.4 ; 4.4

Osteopenia 449 178 2.5 2.1 ; 3

Osteoporosis 209 117 1.8 1.4 ; 2.2

Age

< 55 275 101 2.7 2.2 ; 3.5

55-65 354 143 2.5 2 ; 3

65-75 201 100 2.0 1.6 ; 2.6

≥ 75 12 8 1.4 0.5 ; 4.3

Risk factors

< 2 443 138 3.2 2.7 ; 3.9

2-3 373 203 1.8 1.6 ; 2.2

≥ 4 25 12 2.0 1.1 ; 4.9

OBS: observed. PRE: predicted. O/P: observed/predicted ratio. CI
95%: confidence interval of 95%. Risk factors: BMI<20, personal
antecedence of fracture, family antecedence of fracture, smoker,
rheumatoid arthritis, corticoids, secondary osteoporosis and alcohol

OBS: observed. PRE: predicted. O/P: observed/predicted ratio. CI
95%: confidence interval of 95%. Risk factors: BMI<20, personal
antecedence of fracture, family antecedence of fracture, smoker,
rheumatoid arthritis, corticoids, secondary osteoporosis and alcohol

Hip OBS PRE O/P CI 95%

72 88 0.8 0.6 ; 1.1

BMD

Normal 7 2 2.7 0.6 ; 12.1

Osteopenia 34 34 1.0 0.6 ; 1.6

Osteoporosis 31 51 0.6 0.4 ; 0.9

Age

< 55 8 14 0.6 0.2 ; 1.4

55-65 31 31 1.0 0.6 ; 1.6

65-75 31 37 0.8 0.5 ; 1.3

≥ 75 2 5 0.4 -0.2 ; 3.2

Risk factors

< 2 38 32 1.2 0.7 ; 1.9

2-3 29 51 0.6 0.3 ; 0.9

≥ 4 5 4 1.2 0.1 ; 25.6

Results
The CETIR database includes
190,939 records of first BD carried
out in different women from
January 1992 to February 2008.
Applying inclusion and exclusion
criteria, a sample was obtained of
171,408 (90%) women, of whom
50,106 (29%) had at least one
follow BD.

A follow up of 5-6 years was
reached in 14.9% of cases, of 7-8
years in 9.3%, 9-10 years in 4.8%
and over 10 years follow up in 2.8%
of cases. With the aim of having a
sufficient number of cases the deci-
sion was taken to position the mini-
mum threshold for follow up at 7
years after the first visit, with 17%
(8,450 women) complying with this
requirement. The average period of
follow up in the cohort selected
was 9.2 years (7-14.5 years).

The average age was 55.9 years
(±7.4 SD). 69.1% of the cohort were
younger than 60 years of age and
only 4.2% were more than 70 years
of age. The average age of onset of
menarche was 13 years (±1.6 SD)
and the average age at which
menopause had started was 46.4
years (±5.9 SD).

A description of the principal
risk factors for osteoporosis are
shown in table 1. It is notable that
24.9% had family antecedence of
osteoporosis or of osteoporotic
fracture, and 3% had taken corti-
coids. 13.6% of the women inclu-
ded in the study were found to
have had at least one antecedent
osteoporotic fracture. The most fre-
quent fractures prevalent were
those of the forearm (627 fractures),
the antecedent which, out of the
whole sample, is present in 7.4% of
the cases. In relation to obstetric
history, 12.9% had had no gestation
of over 6 months and 40.2% had
not had maternal lactation on any
occasion.

The description of the modifia-
ble risk factors shows that 39.2% of
the women studied had a BMI
lower than 25 kg/m2, and 70.6%
had a level of physical activity
which was sedentary, or of low
intensity. 7.1% declared themselves
to be active smokers, and 7.7 said
they had a daily intake of calcium
lower than 500 mg/day.

With respect to the measure-
ment of BMD in the femoral neck,
14.4% of the cohort was classified
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as osteoporotic, and 53.1% showed reduced bone
mineral density (T-score between -1 and -2.5).

In the information collected during the follow
up regarding specific antifractural treatments (with
calcitonin, hormone replacement therapy, oestro-
gen receptor modulators, tibolone, etidronate,
alendronate, risedronate and strontium), distinct
from calcium and vitamin D, can be seen in 13.0%
of women aged less than 55 years  received one
of the therapies indicated; in the group between
55 and 65 years of age 18.5% received some type
of treatment; those between 65 and 75 years of
age, 19.6%; and in women over 75 years of age
35.7% were treated. Overall, 16.2% of the cohort
received antifractural treatment with at least one of
these therapeutic agents during the follow up
period. In terms of calcium and vitamin D supple-
ments, what is notable is the progressive increase
in the number of patients treated according to age.
Among women aged below 55 years 12.9% recei-
ved supplements; of those between 55 and 65
years, 24.1%; of those between 65 and 75 years,
35.8% and in women older than 75 years, 50.0%.

Figure 2 shows the results of the BMD, stratif-
ying the cohort by baseline age of the patients.
The BMD (and the T-score) diminished inversely
with an increase in the age of the population. At
the start of the decade of the 50s, 5.4% of the
cohort was classified as osteoporotic (T-score
equal to or lower than -2.5), reaching 46.0% in
those women over 70 years of age.

In the follow up, 10.0% of the patients suffered
an osteoporotic fracture in one of the principal
regions of the skeleton (proximal femur, vertebrae,
humerus, forearm). The forearm was the region
which suffered a high incidence of fractures (4.5%),
while the upper third of the femur only represen-
ted only 0.9% of the total. 9.1% of the women who
did not have less than two risk factors suffered an
osteoporotic fracture. On the other hand, 22.9% of
the women who had four or more risk factors eva-
luated with FRAX® suffered from one of the princi-
pal osteoporotic fractures. The rate of incidence of
fractures in the cohort of the Spanish population is
11 fractures/1,000 patients/years.

Table 2 presents the relative risk for the diffe-
rent factors studied in relation to the risk of fragi-
lity fracture. An age of over 70 years is the factor
which has a hazard ratio (HR) of greatest magni-
tude (2.5 [CI 95%: 1.9 ; 3.3]), followed by antece-
dence of rheumatoid arthritis, secondary osteopo-
rosis, consumption of corticoids and personal his-
tory of osteoporotic fracture.

Tables 3 and 4 show the principal fractures,
and those of the hip, observed during the follow
up and those expected according to the FRAX®

model. The ratio of the hip fractures observed to
those predicted by FRAX® is similar (O/E = 0.8 [CI
95%: 0.6;1.1]). For the main osteoporotic fractures,
the number of fractures observed is a little more
than double that foreseen by the FRAX® model
(O/E = 2.4 [CI 95%: 2.1; 2.7]). This underestimation
is reduced among women of greater age or with a
greater risk of fracture.

Figures 3 and 4 show the ROC curves and the
area under the curve when the predictive capacity
of the FRAX® models and of the BD is estimated.
In this cohort the two measurements have an area
under the ROC curve similar to that for the hip
fracture, 0.77 and 0.74 respectively. Whereas, for
the total fractures the result is slightly lower
(FRAX® model = 0.62 and BD = 0.61).

Discussion
The development of the FRAX® tool is, without a
doubt, a significant advance in the clinical mana-
gement of osteoporosis. From a practical point of
view it is certainly an achievement to be able to
estimate the risk independently of the measure-
ment of bone density, but a calculation would be
better. In the current version, the bone measure-
ment is limited to a single region of interest, the
femoral neck. This element may, potentially, limit
the capacity of the tool to identify subjects with
high risk. Another controversial characteristic is
the assessment of the CRFs; some of these are
assessed globally, such as history of previous frac-
tures (no matter if they be single or multiple) or
the accumulated dose of corticoids. Its application
remains limited to women who have not received
earlier treatment. Despite these limitations, it
represents an instrument designed to help the
taking of therapeutic decisions which has enor-
mous potential in the approach to osteoporosis in
Spain9. As with any new method or instrument, its
application in our community needs to pass
through a process of validation and adjustment.

The validation of the FRAX® model means
checking that the number of fractures predicted
coincides with the number of fractures actually
occurring over the period of 10 years. In addition,
the process of evaluation of the fractures which
occur requires prolonged and complex follow up
with large sample sizes. Since its recent promulga-
tion there have been studies in other countries
aimed at the validation of FRAX®. On this basis an
appropriate way of using the FRAX® tool in the
Canadian population has been proven. In turn, in
a group of the French population, the female
cohort of the OFELY study, it can be seen that the
incidental fractures observed over a period of 10
years showed a relationship with the age of the
patients, and with low BMD similar to that forese-
en by the FRAX® tool. However, in women aged
over 64 years with low bone density (T-score <-1),
FRAX® undervalued the number of fractures pre-
dicted by 48% in relation to those observed in this
cohort, which requires a revision of the algorithm
to adjust it to the French population10-12.

In this retrospective follow up study in a broad
group of the Spanish population the ratio of the
rate of fractures observed to those predicted by the
FRAX® tool (O/E) for the region of the femur is
0.8% [CI 95%: 0.6; 1.1], a value close to the “ideal”
scenario in which the number of fractures predic-
ted by the FRAX® toll is similar to the number of
fractures observed in the Spanish population.
Various plausible explanations may be offered
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Figure 1. Studies of incidence of femoral fracture in different regions of Spain
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which would justify this performance in hip fractu-
res, such as maybe the significantly higher average
age of the femoral fractures, the limiting of mobility
after this type of fracture, as well as the known fact
of the increase in mortality, which together would
impede the prolonged follow up of these patients.
However, the small proportion of cases of fractu-
res of the femur in the cohort studied necessitates
caution with the projection of the result.

Advanced age and reduced BMD (lower T-
score) are factors associated with a higher rate of
osteoporotic fractures, including those of the
femur. BMD stands out as one of the principal risk
factors, with a greater predictive capacity of new
fractures than the other CRFs, although with
FRAX® it is seen as an optional factor, since there
is still limited access to bone densitometry for
wide sections of the population.

In the evaluation of its diagnostic performance
by estimating the sensitivity and specificity (ROC
curves) of the FRAX® model in which are combi-
ned the CRFs and BMD, a slightly better perfor-
mance can be seen when CRFs and BMD are com-
bined, compared with the use of BMD alone,
although the difference is small (area below the
curve of 0.77 vs 0.74 for hip fractures, and 0.62 vs
0.61 in the principal osteoporotic fractures) in rela-
tion to that originally developed based on a
Swedish population2.

In vertebral fractures, those cases which have
been confirmed by radiography have been used.
From 1998, the response protocol in medical cen-

tres considered the carrying out of an analysis of
vertebral fractures by means of a DXA study (tho-
racic and lumbar spine lateral projection) in those
cases where there was a reduction in height of
greater than 2 cm compared to an earlier visit, of
4 cm compared to historic height remembered by
the patient, or suspicious evidence in the PA pro-
jection of the lumbar spine. All in all, it is assumed
that a proportion of vertebral fractures are not
recorded in the follow up period.

The number of fractures recorded in the follow
up period probably could have been higher if the
patients had not received treatment, or if all the
vertebral fractures had been recorded. In spite of
the fact that the cohort was selected on the basis
of indications for bone densitometry, the number
of patients who received some kind of antifractu-
ral therapeutic agent was relatively modest
(20.7%), and similar to the percentage of patients
in which this was accompanied by calcium of vita-
min D supplements (23.2%).

The rate of principal osteoporotic fractures
observed was higher than the level of fractures
predicted by FRAX® (observed, 842 vs predicted,
353), O/P ratio = 2.4 [CI 95%: 2.1 : 2.7]. The under-
valuation of fracture in the main regions of the
skeleton was independent of the T-score reached,
or of the number of CRF’s present.

The O/P fracture ratio maintained an inversely
proportional relationship to the age of the women,
such that at greater ages the difference between
observed and predicted fractures tends to dimi-
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nish. It is also observed that there is a slight reduc-
tion in the difference when the follow up period is
longer (in the follow up periods longer than 10
years the O/P = 2.7 [CI 95%: 2.2 ; 3.4]) or when a
high number of risk factors coincide (for those
cases without any risk factors O/P = 4.2 [CI 95%:
3.5 ; 5.3]).

The FRAX® model evaluated predicts the prin-
cipal fragility fractures in only a third of patients
evaluated. There are, at the moment, no other stu-
dies which evaluate the performance of FRAX® in
our population applying a similar method. Despite
this, it is interesting to highlight the fact that this
tendency has also been observed in the ECOSAP
study13,14. In this study a follow up was made over
3 years of a cohort composed of 5,201 women.
The application of FRAX® showed some similar
results, despite the fact that the methodology used
was different. The quantitative ultrasound method
was used for the bone measurements and the
follow up period was less. The authors confirmed
a good performance for FRAX® for femoral fractu-
res with a O/P fracture ratio ≈ 1, but maintaining
an underestimation of risk of principal osteoporo-
tic fractures with a O/P ratio ≈ 2.

The fact  that there is a coincidence in the inci-
dence of femoral fractures, and a high coinciden-
ce with the average rate of hip fractures which
come from the epidemiological studies selected
for FRA® in Spain can be deduced from The per-
formance of  FRAX® in the two cohorts of Spanish
women. Similarly, both studies indicate that the
FRAX® tool does not properly estimate the global
risk of fracture (principal osteoporotic fractures).

In the absence of consistent epidemiological
studies on the incidence of other fragility fractures,
both studies suggest that the relationship between
femoral fractures and the principal osteoporotic
fractures in our population is different to that
applied by the FRAX® model originating in
Sweden2,3.

The number of women who
have been subject to such a prolon-
ged follow up only consist of 17%
of those women in whom a first BD
was carried out. This small share of
patients is due in great measure to
the selection of the patients. Those
women who display the most risk
factors or who have a more preca-
rious state of health receive greater
medical attention, and therefore a
closer follow up.

On the other hand, the suspicion
that not all fractures occurring in the
cohort were recorded (especially ver-
tebral fractures) and the potential pro-
tective capacity of the specific treat-
ments which were followed for some
time of the follow up period by 19.5%
of the cohort, gives support to the
idea that the O/P fracture ratio could
be even more unbalanced. 

One aspect not considered in the
results of this study is the performance of FRAX® in
the Spanish male population. The validation of the
FRAX® model in the female population, which deals
with CRF and BDM measurements, means that the
prediction of fractures in a prolonged period of
time coincides reasonably well with the rate of frac-
tures observed. At present, the model developed
for Spain has performed as an imperfect tool which
needs to be adapted for its application in our popu-
lation.

Conclusion
The WHO’s method for arriving at the rate of oste-
oporotic fractures in Spain is, in general, consistent
with the observational clinical data for femoral frac-
tures. However, the current version of the FRAX®

tool underestimates the incidence of the other oste-
oporotic fractures, independently of the T-score, the
number of risk factors and the follow up time. What
is required, therefore, is a greater number of epide-
miological studies of the incidence of the principal
osteoporotic fractures to explain these differences.
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Figure 3. Area under the ROC curve from the FRAX®

model (curve configured by means of points joined
by lines) and the result of the BD (bone density, in
the point curve graph) for hip fracture

Figure 4. Area under the ROC curve from the FRAX®

model (coloured black) and the result of the BD
(bone density, coloured grey) for the total of fractu-
res
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Summary
Background: The effects of type 2 diabetes on the microstructure and mass of bone are not clearly defi-
ned. The objective of this study has been to assess the  microstructural properties and volumetric bone
mineral density of Goto-Kazizaki rats, the rat model for non-overweight type 2 diabetes which tries to cir-
cumvent the influence of obesity on bone mass.
Material and methods: An experimental study was designed using Goto-Kazizaki rats compared with a
control group of non-diabetic Wistar rats of similar weight and with normal glycemia, with densitometric
and microstructural studies being carried out on the distal region of the femur using computerised X-ray
microtomography (micro-CT).
Results: In the volumetric densitometry no significant differences were found between the two groups.
The microstructural study showed that the BV/TV and trabecular connectivity were reduced in the dia-
betic rats, while the tube-like trabeculae increased to the detriment of  plaque-like trabeculae.
Conclusion: The deterioration trabecular bone quality could explain the decrease in biomechanical bone
resistance in type 2 diabetes.

Key words: type 2 diabetes, X-ray microtomography, bone mineral density, bone microstructure.
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Introduction
Skeletal disorders in diabetes are different accor-
ding to whether one is dealing with type 1 or type
2 diabetes. Those patients with type 1 diabetes
have a decrease in bone mass which implies an
increased risk of fracture1,2, whilst type 2 diabetes
may present bone mass which is increased, redu-
ced or within normal limits3,4. However, the risk of
fracture in type 2 diabetes is increased5,6. This fact
could be due to causes both inside, and outside,
the bone (retinopathy, neuropathy, drugs, etc)
which determine a higher incidence of falls. One
fact common in type 2 diabetics is overweight,
which constitutes a confusion factor due to the
fact that weight is a determining factor of bone
mass. Obese people normally have raised bone
mineral density. To avoid the influence of this
confusion factor an experimental study was desig-
ned with Goto-Kakizaki (GK) rats, a substrain of
non-obese Wistar rats which develop type 2 dia-
betes. GK rats have a light to moderate type 2 dia-
betes which occurs after birth, and develop chro-
nic complications of the disease such as neuro-
pathy and nephropathy7.

The main objective of this study was the
assessment using computerised micro-tomography
of the densitometry and the trabecular and cortical
microstructural properties of GK rats, and to com-
pare them with a group of Wistar rats used as a
control, with the intention of evaluating, and in
their case, defining, the changes which in these
variables induce obesity.

Material and methods
Animal model
An experimental study was carried out with 4 male
GK rats as against a control group of 4 male non-
diabetic Wistar rats of a similar weight and with
normal glycemia (Taconic Farms Inc. Lille
Skensved, Denmark), due to the fact that the Goto-
Kakizaki substrain was developed from the Wistar
rats. The treatment of the animals and all the expe-
riments were carried out in accordance with Law
14/2007 and with Royal Decree 1201/2005, and
following the guidelines of the UNE-EN 30993-
3:1994 rules and ISO 10993-2:2006. The rats were
fed with a standard diet and had free access to
water, did not received any drug treatment, and
were sacrificed at 12 weeks in a chamber with CO2.

Microstructural analysis of the bone using
micro-CT
Once the animals were sacrificed, the right femurs
were extracted in order to carry out the structural
analysis. After the extraction, the samples were
wrapped in gauze soaked in saline solution and
conserved at -20°C until the last moment before
analysis. The microstructural analysis of the sam-
ples was carried out using computerised X-ray
microtomography (micro-CT), using the commer-
cial equipment SkyScan 1172 (SkyScan NV,
Aarstelaar, Belgium) in the Trabeculae® research
laboratory, Empresa de Vase Technologia, S.L
(Ourense, Spain).

The distal region of each femur was scanned with
an X-ray source of 50 KV and an intensity of 200
µA, using a voxel size of 8.95 µm. An aluminium
filter of 0.5 mm in thickness was positioned to
reduce beam hardening artefacts. The rotation
step used was 0.4° up to a total of 180° and the
exposure time was 1250 ms.

The images obtained were reconstructed using
the modified Feldkamp algorithm8, using the
NRecon 1.5 software application (SkyScan NV,
Aarstelaar, Belgium). The transverse sections resul-
ting from the reconstruction stage were used for
the quantitative analysis of the trabecular and cor-
tical bone microstructure, using the application
CTAn 1.10.0.1 (SkyScan NV, Aarstelaar, Belgium),
after their segmentation into binary images using
locally adapted thresholding9.

For the analysis of the trabecular bone a
metaphyseal-diaphyseal region of interest (cortical
bone excluded) of 2.5 mm was selected, starting
at a distance of 1.0 mm from the growth plate in
a proximal direction. For the analysis of the
microstructural properties of the cortical bone a
region of interest of 1.0 mm was taken, starting at
4.0 mm from the growth plate (Figure 1).

The quantitative variables which were determi-
ned for the trabecular region were: volumetric bone
fraction (BV/TV), specific bone surface (BS/BV),
bone surface density (BS/TV), trabecular thickness
(Tb.Th), trabecular separation (Tb. Sp), trabecular
number (Tb.N), trabecular pattern factor (Tb.Pf),
structural model index (SMI), and degree of aniso-
tropy (DA). The different variables were measured
directly using methods described in the literature10,11.
The non-metric variables, SMI and Tb.Pf, were cal-
culated directly from the three dimensional model.
The SMI indicates the relative prevalence of plate-
like or rod-like trabeculae, with a higher presence of
plates being indicated the nearer its value is to
zero12. For its part, Tb.Pf is an inverse index of con-
nectivity, measured from the calculation of the rela-
tive convexity or concavity of the bone surface13. A
higher value of Tb.Pf  the trabecular network shows
a poorer connectivity, which also implies a reduc-
tion in mechanical resistance. The DA is a measure
of the alignment of the trabeculae in a determined
direction, calculated in such a way that 0 is comple-
te isotropy and 1 is complete anisotropy.

In the case of the cortical region, the parameters
calculated included: cortical thickness (Ct.Th), the
average transverse area of the bone (B.Ar), the ave-
rage polar inertial moment (I) and the eccentricity
(Ecc). I is a basic index of mechanical resistance
which indicates the resistance to rotation of a trans-
verse section in a determined axis (assuming uniform
biomechanical properties). Ecc is a parameter which
indicates the difference in elongation of a transverse
section with respect to a circular form (a circle is con-
sidered to be an ellipse with zero eccentricity).

Determination of volumetric bone mineral
density
Using the images obtained though micro-CT, the
volumetric bone mineral density (BMDv) was
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determined, both in the cortical and trabecu-
lar regions. Direct calibration was used with
attenuation coefficients of calcium hydroxya-
patite models of known density (250 and 750
mg/cm3). The method of calculating the
BMDv differed slightly in different areas of
the bone, since in the case of the trabecular
region it refers to a volume of bone and
medullar tissue, whilst in the case of the cor-
tical region it was limited to a volume occu-
pied solely by calcified lamellar bone.

Statistical analysis
The data obtained were put into a text data-
base which was exported to the statistical
software package IBM SPSS Statistics 19 (IBM
Corporation, Somers, NY, US) for their subse-
quent statistical analysis. The individual
results were reviewed in order to avoid loss
of data and unusual values. Then the descrip-
tive analysis of the variables of the study was
proceeded with. The descriptive statistics of
the numerical variables were expressed as an ave-
rage ± standard deviation, maximum value and
minimum value.

The comparative statistical study of the nume-
rical data was carried out by means of an single
factor variance analysis (ANOVA) and the Tukey
HSD test for multiple comparatives. In those cases
which did not comply with homogeneity of
variance criteria, the Broen-Forsythe test was
applied for the variance analysis and the Games-
Howell test for the multiple comparatives.

The level of statistical significance was establis-
hed at values of p<0.05 for all the variables analysed.

Results
The GK rats had a weight of 385 ± 23 g and glyce-
mia of 195 ± 84 mg/dl, which confirms the presen-
ce of diabetes in this group, while the Wistar rats
had a weight of 395 ± 35 g and glycemia of 124 ±
15 mg/dL (p<0.01). The results of the bone mine-
ral density volumetry are reflected in Table 1.
BMDv did not show differences between the two
groups, neither in the cortical section, nor the tra-
becular. Although there appears to be a loss of tra-
becular bone mass in the diabetic rats, this did not
reach significant levels, probably due to the sam-
ple size used, or the development time of the dia-
betes.

Table 2 shows the results of the microstructu-
ral variables in the trabecular region. Statistically
significant differences were observed in the volu-
metric bone fraction (BV/TV), indicating a loss of
trabecular bone in the diabetic rats as compared
with the control group. The considerable increase
in Tb.Pf in the GK rats confirms, also, a significant
loss of trabecular connectivity in diabetes. On the
other hand, the increase in SMI shows a prevalen-
ce of tubular trabeculae in diabetic rats in compa-
rison with the control group, in which plate-like
trabeculae predominate. Although the BS/TV, the
Tb.Th and the Tb.N are reduced in diabetic rats, at
the same time the Tb.Sp is increased, together

indicating a deterioration in the trabecular micro-
architecture (Figure 2), their values not reaching
statistically significant levels.

In the cortical region, although the diabetic
group appears to have a reduction in the thickness
of the cortical wall, this being determined through
the transverse sections (Cs.Th) or assumed in the
three-dimensional model (Ct.Th), this does not
reach statistically significant levels (Table 3). The
variables B.Ar, I and Ecc show very similar values
in the two groups. The cortical regions of two
representative samples can be seen in Figure 3.

Discussion
The study carried out shows that diabetic rats have
a volumetric bone density similar to non-diabetic
rats. However, differences are observed in the tra-
becular bone in the structural parameters. There is
a reduction in BV/TV, a lower trabecular connec-
tivity and a predominance of cylindrical trabeculae
in the GK rats. The trabecular structural variables
in which there are significant differences between
the diabetic and control rats are those related to
bone resistance. The lower quantity of bone indi-
cated by the reduction in BV/TV, and the great
loss of trabecular connectivity revealed by the
increase in Tb.TPf in the diabetic group, result in
an evident reduction in biomechanical resistance.
In addition, it has been shown that the tube-like
trabeculae, which predominate in the diabetic
group, are less resistant to mechanical load than
the plate-like trabeculae12, more abundant in the
control group, from which is deduced the SMI
value. All these data indicate that, although their
bone density is normal, the GK rats would have a
lower biomechanical resistance, which could sug-
gest that the higher prevalence of fractures which
occurs in type 2 diabetes would be related to alte-
rations in bone quality.

There are few studies carried out with this
experimental model. Zhang et al. measured, in a
group of GK rats, the bone mineral density using

1.0 mm
starts region

1 mm

4 mm 2.5 mm
trabecular region

growth plate
(reference)

Figure 1. Scheme of a distal rat femur in which are indicated
the regions analysed using micro-CT, indicating its dimen-
sions and distances from the reference (growth plate). The
trabecular region starts at 1 mm from the growth plate to
avoid the primary spongy tissue, while the cortical region
starts at 4 mm to select a zone with few or no trabeculae
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Table 2. Results of the microstructural variables of the trabecular region of the distal femurs of control and
diabetic rats

Table 3. Results of the microstructural variables of the cortical region of the distal femurs of control and dia-
betic rats

Rats WI control
(average ± SD)

Rats GK diabetics
(average ± SD) Value of p

BMDv trabecular (mg/cm3) 306.63 ± 48.78 261.23 ± 45.54 NS

BMDv cortical (mg/cm3) 1,490.97 ± 227.57 1,727.13 ± 133.95 NS

SD: standard deviation. BMDv: volumetric bone mineral density. NS: not significant

Rats WI control
(average ± SD)

Rats GK diabetics
(average ± SD) Value of p

BV/TV (%) 20.68 ± 2.87 15.51 ± 2.90 0.034

BS/BV (mm-1) 44.50 ± 9.21 47.76 ± 5.21 NS

BS/TV (mm-1) 9.10 ± 1.71 7.31 ± 0.88 NS

Tb.Th (µm) 84.15 ± 11.72 77.38 ± 5.83 NS

Tb.Sp (µm) 385.28 ± 103.73 332.18 ± 54.31 NS

Tb.N (mm-1) 2.47 ± 0.34 2.00 ± 0.30 NS

Tb.Pf (mm-1) 2.98 ± 2.58 10.01 ± 2.45 0.004

SMI 1.24,± 0.04 1.66 ± 0.18 0.001

DA 0.58 ± 0.06 0.55 ± 0.02 NS

SD: standard deviation. BV/TV: bone volumetric fraction. BS/BV: bone specific surface. BS/TV: bone specific den-
sity. Tb.Th: trabecular thickness. Tb.Sp: trabecular separation. Tb.N: trabecular number. Tb.Pf: trabecular pattern
factor. SMI: structural model index. DA: degree of anisotropy

Rats WI control
(average ± SD)

Rats GK diabetics
(average ± SD) Value of p

B.Ar (mm2) 5.78 ± 0.50 5.79 ±,0.32 NS

I (mm4) 21.87 ± 5.09 21.11 ± 2.38 NS

Cs.Th (µm) 396.92 ± 23.23 373.61 ± 22.74 NS

Ct.Th (µm) 458.23 ± 15.40 433.07 ± 22.99 NS

Ecc 0.74 ± 0.03 0.79 ± 0.02 NS

SD: standard deviation. B.Ar. average transverse area of the bone. I: average polar inertial moment. CsTh: thick-
ness of transverse section. CtTh: cortical thickness. Ecc: eccentricity
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Figure 2. Three- dimentional representation of the trabe-
cular region analysed in the distal femur of a representa-
tive sample of the control group and the diabetic group

Figure 3. Three- dimentional representation of the corti-
cal region analysed in the distal femur of a representati-
ve sample of the control group and the diabetic group

WI control GK diabetic WI control GK diabetic

DXA and the microstructure with classic histomor-
phometric techniques in 2D7. These authors found
a reduction in bone mass and a change in the his-
tomorphometry with a decrease in BV/TV, similar
to that found in our study. Ahmad et al., using
peripheral quantitative computerised tomography
(pQCT), observed a decrease in volumetric bone
mineral density predominantly in the trabecular
section14. The measurements were taken in the
humerus, tibia and metatarsals of female rats,
which could explain the differences observed
from our results. In none of the regions analysed
in this work were there found differences in the
cortex. However, another work, using radiograme-
tric techniques in a group of 10 GK rats observed
a decrease in cortical thickness in the metatarsal
and humerus15. The data observed are heterogene-
ous, probably due to the different techniques used
and the different places where measurements
were taken. However, in all of them, trabecular
affectation predominates and, when it was deter-
mined, a reduction in biomechanical bone resis-
tance. Another model of non-obese diabetic rat is
that of Zucker rats, developing the disease pro-
gressively until the serious complications of the
disease appear. These rats show a decrease in
bone mass, both cortical and trabecular, smaller
sized large bones, and a deterioration in the bio-
mechanical and microstructural properties of the
cortical and trabecular bone16,17.

Various mechanisms may explain this change.
Glucose represents the principal source of energy
to the osteoclasts, with hyperglycemia being res-
ponsible for an increase in osteoclast activity, with
an increase in bone remodelling and a decrease in
the quantity and quality of bone2. On the other
hand, hyperglycemia provokes the non-enzymatic
glycosylation of the bone proteins, damaging
bone quality18. In turn, glycosuria increases hyper-
calciuria with changes to the PTH/vitamin D
system. These deleterious effects on bone quality
may be partially compensated for by an increase
in bone mass associated with obesity19. An altera-
tion in calcium metabolism may also contribute to
the deterioration of bone quality. In diabetics an
increase in calciuria has been described, which
has been related to hyperglycemia and glycosuria.
This provokes secondary hyperparathyroidism

which exerts a prejudicial effect on the bone,
especially on the trabecular section20. The altera-
tion of the vitamin D and parathormone metabo-
lism is particularly prominent in patients with
reduced renal function. Microangiopathy can alter
endothelial function21, and macroangiopathy with
arteriosclerosis can cause a reduction in blood
supply to the bone22,23. On the other hand, in
patients with neuropathy a change in the load on
the bone can also contribute to the loss of bone
mass. We can say, therefore, that there are multi-
ple mechanisms which exert a deleterious effect
on bone in experimental animals with type 2 dia-
betes which can explain the alteration in bone
quality in these models.

In conclusion, we can say that Goto-Kakizaki
rats are a valid model for the study of type 2 dia-
betes, since they eliminate a significant confusion
factor, overweight. Although the sample size is
small, we found a deterioration in the microstruc-
ture in the femoral trabeculae, with, however, the
volumetric bone mineral density being preserved.
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Summary
We present the case of a female patient who had an intervention in a cervical nodule in the context of
moderate hypercalcemia, with a histological diagnosis of a possible parathyroid carcinoma, whose later 
development made it necessary to rethink the diagnosis.

Key words: moderate hypercalcemia, osteitis fibrosa cystica, primary hyperparathryoidism.

Introduction
Primary hyperparathyroidism is being diagnosed
earlier and earlier due to the routine testing for
calcemia. Light hypercalcemia is its most frequent
characteristic, and osteoporosis predominantly
affecting cortical bone, is the most common fin-
ding in the bone. On the other hand, the typical
skeletal affectation of this disease, osteitis fibrosa
cystica, is nowadays exceptional. For this reason,
the presentation of the classic skeletal manifesta-
tions of hyperparathyroidism may lead to doubts
and diagnostic errors in clinics today.

Clinical case
A woman of 49 years of age, without personal or
family history of interest, except an episode of
renal lithiasis two years previously, who attended
a primary care clinic due to the cardinal symptoms
of diabetes of a year's development (polyuria,
polydipsia and discrete non-quantified ponderal
loss). An analysis was carried out, with the follo-
wing results: baseline glycemia, 130 mg/dl; cal-

cium, 12 mg/dl (normal values: 8.5-10.5); total
alkaline phosphatase, 2,260 U/l (normal values: 98-
279); for which reason she was referred to the sur-
gical service for an evaluation of hypercalcemia.
Notable in the physical examination was a cervical
nodule adhering to deep layers, with growth
towards the mediastinum. An X-ray was carried out
with technetium sestamibi, which showed capture
in the lower right parathyroid gland, which was the
reason for deciding to intervene, with the suspi-
cion of parathyroid cancer. A hemithyroidectomy
was carried out on the right hand side and the
extirpation of the lower right parathyroid, with
resulting anatomopathological neoplasms secreting
parathormone (PTH) with the phenomenon of vas-
cular microinvasion of low proliferative activity,
alongside unchanged thyroid tissue.

After the intervention the patient was referred
to the endocrinology service for follow up. At this
point the patient complied with the criteria for
obesity (weight: 83 kg, height: 1.54 m, BMI: 35
kg/m2), and presented, in addition, type 2 diabetes
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of a year's development since diagnosis, in treat-
ment with diet and exercise. In carrying out an
anamneses the patient only reported mechanical
pain in the lower limbs and thorax, and tumoration
on the right tibia of some months development,
which had been examined through conventional
X-ray and was waiting for a diagnostic biopsy
(Figure 1). The study was completed with X-rays in
other locations (Figure 2). After the intervention,
various complementary tests were carried out, with
the following results: basic biochemistry, normal,
except for hyperglycemia of 144 mg/dl; calcemia,
8.8 mg/dl (normal values 8.5-10.5); phosphorus, 4
mg/dl (normal values: 2.5-5); elevated levels of
markers for bone remodelling: total alkaline phos-
phatase, 313 U/l (normal values: 98-279), bone
alkaline phosphatase, 62.1 µg/ml (normal values:
7.5-33.7). The thyroid function was compatible
with subclinical hypothyroidism, with TSH of 4.4
mUI/ml ().4-4); raised levels of intact PTH (103
pmol/l; normal values 29-85); 24 hour calciuria,
normal; glycosylated haemoglobin (HbA1c); 5.5%;
and urinary albumin excretion, negative.

Also carried out were: thyroid echography,
which showed a solid mass of 22 mm located in the
left parathyroid compatible with a recurrent
tumour; bone gammagraphy, with intense capture
in the distal third of the right tibia and of lower
intensity in other locations. Bone densitometry with
femoral T-score values of -3.1 and lumbar T-score
of -0.8, compatible with cortical osteoporosis.

Given that the benign development of the
symptoms  are not particularly compatible with the
initial diagnosis of parathyroid carcinoma and the
presence of the bone lesion, the anatomopathaolo-
gical study of the intervention was reviewed jointly
with the biopsy of the tibial tumour, with the final
result of possible osteitis fibrosa cystica associated
with parathyroid adenoma. Subsequently, the
patient maintained normal levels of calcemia, with
slightly raised levels of intact PTH, sufficient meta-
bolic control of her diabetes with diet and exerci-
se and normal thyroid function. There was an
intervention in the right tibial tumour with anato-
mopathological results of areas of fibrosis and tra-
becular thinning related to osteoporosis. In a later
echographic check the size of the parathyroid
lesion had reduced, for which reason a conservati-
ve approach was maintained. During the follow up
the patient remained asymptomatic with improve-
ment in the bone lesions, and analytical checks
and cervical examinations were maintained, with
no changes over a period of 6 years. In the follow
up, a malignant tumour of gynaecological origin
was diagnosed, for which treatment with chemo-
therapy with cisplatin and radiotherapy were initia-
ted. Subsequently, the patient had an episode of
peribuccal paresthesia and tetany, with hypocalce-
mia being confirmed by various analytical test,
resulting in the carrying out of a new study of the
phosphorus calcium metabolism, with the follo-
wing results: calcium, 6.2 mg/dl (normal values:
8.6-1.2); phosphorus, 3.3 mg/dl (normal values
2.5-5); magnesium, 0.8 mg/dl (normal values: 1.8-

2.6); 25 OH vitamin D, 23.2 ng/ml; hepatic and
renal functions unaltered. After assessing different
possibilities, a diagnosis was established of functio-
nal hyperparathyroidism due to secondary hypo-
magnesemia resulting from the chemotherapy, and
treatment with oral magnesium supplements was
initiated, with a good clinical and analytical res-
ponse.

Discussion
The diagnosis of primary hyperparathyroidism
now occurs earlier and earlier due to the carrying
out of routine analysis for calcemia, which means
that the skeletal affectation typical of this disease,
osteitis cystica fibrosa, is becoming ever less fre-
quent. The bone affectation most commonly asso-
ciated with hyperparathyroidism currently is oste-
oporosis, with fundamentally cortical affectation1.
In both entities remineralisation usually happens
after treatment for the adenoma2-3. 

The typical analytical profile of primary hyper-
parathyroidism is raised levels of blood calcium,
parathormone, alkaline phosphatase and calciuria,
with levels of phosphorus normal or low. An
increase in markers for bone remodelling is also
observed, of variable duration after surgery4. It has
been reported that between 11% and 40% of
patients having interventions for primary hyperpa-
rathyroidism maintain raised levels of PTH during
subsequent follow up, despite a normalisation of
levels of calcium. Although the pathogeny of this
phenomenon has not been well clarified, various
theories have been proposed. Thus, the persisten-
ce of raised levels of PTH after surgery could be a
transitory compensatory response which would
favour bone mineralisation5. Other authors have
described the presence of alterations in renal func-
tion as the cause of the raised PTH6, although later
studies do not confirm this finding7. The presence
of low levels of vitamin D, a frequent finding in
different groups in the population should also be
considered8.

Persistent hyperparathyroidism can produce
severe skeletal deformities and haemorrhage, which
form lytic lesions called "brown tumours" due to the
deposit of haemosiderin in their interiors9. In the
majority of cases, the diagnosis of these lesions
occurs in patients previously diagnosed with hyper-
parathyroidism, although on occasions it may be the
first manifestation of the disease. The differential
diagnosis of this lesion with other bone lesions,
such as osteoclastoma, may raise difficulties,
although recent advances in the field of immunohis-
tochemistry facilitates its diagnosis10.

Parathyroid carcinoma is an infrequent disease,
with an estimated frequency of 2.1% of cases of
hyperparathyroidism11. Among its clinical manifes-
tations are a marked hypercalcemia, above 14
mg/dl in the majority of cases, and levels of PTH
5 to 10 times higher than normal12. As with other
endocrine tumours, it is difficult to establish the
malignant nature of the lesion from histological
findings. The typical anatomopathological charac-
teristics include a lobular pattern separated by
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Figure 1. Lesion in tibia suggestive of osteoclastoma Figure 2. Radiography of forearm which shows cortical lesion

fibrous trabeculae, a high degree of mitosis and
invasion of the capsules and blood vessels,
although these may also be found in some adeno-
mas. In this case, the moderately raised levels of
calcium and intact PTH, their normalisation after
surgery, and its later asymptomatic course, made
necessary a rethink of the initial anatomopatholo-
gical diagnosis.

Finally, hypocalcemia is frequent in those
patients receiving treatment with cisplatin. In the
case of hypomagnesemic hypocalcemia is appears
to be the result of a reduction in the secretion of
PTH, as well as a higher resistance to its action in
the bone and kidney, both caused by hypomagne-
semia by means of a complex mechanism which
is not totally understood13. Although oral supple-
ments appear to be efficacious in the development
of hypomagnesemia associated with cisplatin, it
does not offer complete protection against the
development of this situation.

The singularity of our case is found in the
infrequency of the diagnosis of primary hyperpa-
rathyroidism with the presence of bone lesions, as
well as the development of hypomagnesemic
hypocalcemia as a secondary effect of the treat-
ment with cisplatin. In conclusion, we can say
that, although its incidence has diminished due to
early diagnosis of hyperparathyroidism, osteitis
fibrosa cystica should be included in the differen-
tial diagnosis of bone lesions. Given that the typi-
cal anatomopathological characteristics of parathy-
roid carcinoma may be found in some cases of
adenoma, the initial clinical manifestations and the
evolutionary course of the condition may assist in
the differential diagnosis. In addition, in patients
in treatment with cisplatin analytical checks
should probably be carried out to detect the pre-
sence of hypomagnesemia and other disorders,
such as hypocalcemia
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Summary
Osteoporosis is a disorder in which loss of bone strength leads to fragility fractures. The discovery of
osteoprotegerin (OPG) and the receptor activator of nuclear factor-κβ ligand (RANKL) as final effector in
osteoporosis pathogenesis have lead to a better understanding of bone remodelling. When RANKL binds
to its natural receptor (RANK), osteoclastic differentiation and activation is initiated. OPG is a decoy
receptor that binds to RANKL and prevents its osteoclastogenic effect. 

Key words: postmenopausal osteoporosis, osteoprotegerine, RANKL.
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Introduction
According to the definition proposed in 2001 by
the National Institutes of Health (NIH) of the US,
osteoporosis (OP) is a skeletal disorder characteri-
sed by a reduction in bone resistance which pre-
disposes it to a high risk of fractures1. In Spain it
has been estimated that approximately 13% of the
female population has OP in the lumbar spine or
in the femoral neck, these figures increasing to
26% in women over 50 years of age2. The preva-
lence in women is three times that in men3. 

The most significant clinical problems of OP
are fractures and their complications. The fractures
may develop towards a complete recuperation, or,

on the contrary, be the cause of chronic pain,
disability or even to an increase in mortality4. For
hip fractures, this mortality has been estimated at
10-20% in one year5. In addition to this impact on
the individual, osteoporotic fractures have signifi-
cant repercussions on society, since they result in
high health costs related to an increase in medical
appointments, hospital admissions or in admis-
sions into older peoples’ residential homes5.

Given the importance and the implications of
this disease in the modern world, knowledge of its
pathogenesis would support the development of
its prevention and treatment. For this reason, this
article will review this pathogenesis at some
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length, starting with the process of bone remode-
lling and how this overlaps with mechanical pro-
cesses and endocrine and local factors until it arri-
ves at the final effector most recently described:
the RANK/RANKL/OPG system.

Classical theory of bone remodelling
Bone fragility may be the result of a failure in the
formation of bone, of an excess resorption or of
inadequate formation of bone in response to an
increase in resorption6. Bone remodelling is the
physiological mechanism by which adult bone
renews itself constantly by the activation of the
basic multicellular units (BSUs), with the aim of
repairing the microfissures caused by fatigue, and
to maintain intact its structure and function7. The
BSUs make up, morphologically and functionally,
the bone tissue. They contain all the elements
necessary for its remodelling, and act in an inte-
grated and sequential way with the participation
of the osteoclasts (derived from haematopoietic
cells of monocyte-macrophage lineage) and the
osteoblasts (of mesenquimal origin). The osteocy-
te, on its part, is a cell which is capable of activa-
ting osteoclasts or osteoblasts in response to anta-
gonistic stimuli as a function of the local load.
There are various theories about what the stimu-
lus is which activates the osteocytes. It seems that
the most commonly accepted theory would be
that proposed by Parfitt8, which suggests that the
stimulus is produced by the movement of the fluid
in the fibres which anchor the osteocyte to the
bone walls in the canaliculi9.

Each BSU, of which there can be a million
functioning at any moment, starts its work at a set
time and place, directing itself towards the area of
bone which needs to be replaced7. To do this, it
advances across the trabecular surface excavating
and replacing the tissue. The cellular components
of the BSUs, osteoclasts and osteoblasts act in an
orchestrated fashion, completing each remodelling
cycle10. The cycle (Figure 1) starts with the activa-
tion, by unknown mechanisms, of the bone surfa-
ce in repose, which attracts from the bloodstream
the pre-osteoclasts, precursors of the osteoclasts.
The resorptive phase is initiated with the forma-
tion of the so-called Howship lacunae or resorp-
tion pits, and end with the apoptosis of the osteo-
clasts. The process of destruction is more rapid
than that of regeneration, which means that any
increase in the rhythm of remodelling will result in
a loss of bone mass. Similarly, an excess of resorp-
tion may produce loss of trabecular structures, lea-
ving the bone without a pattern for the new for-
mation of bone6.

As a consequence of bone remodelling, a num-
ber of biochemical markers for bone remodelling
(MBR) are released, which show us in an indirect
way the state of this formation/resorption process.
An increase in products of resorption will indicate
an accelerated bone turnover, showing a negative
balance in the remodelling with an increase in
bone loss. Thanks to these indirect markers it is
possible to diagnose clinically and non-invasively

the metabolic status of bone. Of these, those most
used are the C and N telopeptides, which are ter-
minal sections of the triple helix of type 1 colla-
gen: one of these ends with carbon (C-telopeptide
–CTx-) and the other two with nitrogen (N-telo-
peptide –NTx-). Due to their low molecular
weight they are eliminated in the urine, from
which we can determine their levels. In spite of
this, nowadays most clinical studies determine the
levels of the markers in the peripheral blood.

Initial role of bone mechanostat 
The term mechanostat refers to the model propo-
sed by Harold Frost11 to explain the pathogenic
mechanism by which the growth and loss of bone
is regulated as a function of the mechanical stimu-
lus which deforms it locally (force, pressure, tor-
sion). According to this model, an increase in
muscular force exerted on the bone (during
growth or in response to an increase in load) or a
reduction in load (through inactivity or immobili-
sation) will affect its mass, size and resistance in a
positive or negative way, respectively. Thus
through mechanical stimulus a system of feedback
is put into action, which would determine when
the bone needs more resistance or when it is not
necessary12.

Hence, the theory of mechanostat would
explain how the mechanical load applied to the
bone acts by setting in motion a complex process
of bone remodelling, in which the osteocyte plays
a fundamental role as mechanosensor, which
transforms the mechanical signal in to a chemical
one, which, in turn, produces the osteoblast/oste-
oclast response.

However, bones are essentially biomechanical.
Remodelling is regulated by factors which are local
and systemic: the process of adaptation of bone to
load is not explained solely by a mechanical effect,
but also depends on genetic-familial factors (most
of the bone mass of an individual depends on their
genetics) and on the normal state of the cells invol-
ved, on local-regional neurovascular factors, the
endocrine-metabolic environment of the organism
and the local environment of the bone7,13. Hence,
the bone remodelling mechanism is modulated by
both mechanical and non-mechanical factors
(Table 1); among the latter, the most important are
local factors, autocrines and paracrines, as well as
endocrine-metabolic factors.

Hormonal regulation of bone metabolism
Among the non-mechanical factors involved in the
metabolism of bone, the hormones play a primor-
dial role. Hormonal regulation of the phosphorus-
calcium metabolism is carried out through three
principal hormones: parathyroid hormone (PTH),
1,25 colecacliferol (active metabolite of vitamin
D3) (Figure 2) and, to a lesser extent, calcitonin
and four more hormones: growth hormone (GH),
thyroxine, glucocorticoids and sexual steroids.
Below, we briefly review the role of each of these.

1. PTH (parathyroid hormone), produced in
the parathyroid glands, it is the hypercalcemic
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hormone par excellence. It carries
out its action at 3 levels: directly on
the bone, stimulating the osteoclasts
and favouring bone resorption, an
action linked to the presence of
vitamin D; in the kidney, increasing
the distal tubular resorption of cal-
cium; and indirectly on the intesti-
ne, stimulating the  synthesis of 1,25
OH calciferol which, in turn, increa-
ses the absorption of calcium.

2. Calcitonin, produced in the C
cells of the thyroid, acts directly on
the osteoclast receptors. Its physio-
logical role is controversial. It has
been shown that in situations in
which there is an increase in its
secretion (carcinoma of the thyroid
medullar) or in which there is an
absence of C cells (total thryoidec-
tomy) calcemia remains at normal
levels and there are no changes in
the bone14. However, at pharmaco-
logical doses, calcitonin possesses
an inhibitory effect on bone resorp-
tion by reducing the number and
activity of the osteoclasts, which
means that it may be considered to
be a hormone which is protective of
bone tissue15.

3. Vitamin D3 is provided very
scarcely through food, or is synthe-
sised in the skin thanks to the action
of ultraviolet solar radiation. It is
transformed into 25 (OH) colecalci-
ferol (calcidiol) in the liver and into
1,25 (OH) colecacliferol (calcitriol)
in the kidney, biologically active
forms. The principal action of vita-
min D occurs in the small intestine,
favouring the absorption of dietary calcium. In the
bone it acts, in the presence of PTH, to stimulate
the differentiation of the  osteoclasts, and therefo-
re, bone resorption, making possible adequate
mineralisation. In the kidney it increases the pro-
ximal tubular resorption of calcium. A deficit or
insufficiency of vitamin D3, such as occurs in pos-
tmenopausal women, carries an increased risk of
secondary hyperparathyroidism with the object of
maintaining normocalcemia and an associated loss
of bone mass.

4. Today, it is considered that GH (growth hor-
mone) is synthesised, in addition to in the
hypophysis, in other cells of the organism, inclu-
ding in the osteoblasts. Thus it is considered to
have an endocrine, as well as a paracrine, effect16.
GH acts directly on the osteoblast receptors, sti-
mulating their activity, which produces an increa-
se in the synthesis of collagen, osteocalcin, and
alkaline phosphatase. It also acts indirectly by
increasing the synthesis of insulin-like growth fac-
tors I and II (IGF-I and IGF-II) by the osteoblasts,
which favours their proliferation and differentia-
tion.

5. The thyroid hormones are essentially hyper-
calcemics. In the bone, they act to stimulate the
osteoclasts which accelerates the speed of bone
turnover. Thus hyperparathyroidism brings with it
the risk of OP.

6. The glucocorticoids act physiologically as
modulators of bone remodelling. At pharmaceuti-
cal doses they diminish the activity of the osteo-
blasts and induce bone loss, leading to secondary
OP, an action mediated in part by PTH and 1,25
OH colecalciferol.

7. The sex hormones play a significant role in
bone. Until a few years ago it was thought that the
fundamental role of the oestrogens in the mainte-
nance of bone mass was the consequence of their
interaction at all levels through the interleukine
loop; generally, they inhibit resorption and stimu-
late the formation of bone. The oestrogens act on
the osteoblasts directly, modulating their prolifera-
tion and differentiation, and increasing the secre-
tion of the cytokines which, in turn, would act as
a paracrine, stimulating or inhibiting the activity of
the osteoclasts. On the other hand, they also have
a direct effect on the osteoclasts in modulating

Figure 1. Phases of bone remodelling

Figure 2. Regulation of phosphorus-calcium metabolism by PTH
and vitamin D
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Mechanical Non-mechanical

• Gravitational force • Hormones

• Weight of an individual • Local factors (autocrines/paracrines)

• Physical activity-sedentariness • Age/sex/genetics

• Muscular contractility • Diet (calcium, vitamins, minerals...)

• Effort • Work occupation/ergonomics

• Prolonged weightlessness-bedrest • Some diseases (e.g. rheumatoid arthritis)

Table 1. Mechanical and non-mechanical factors related to the process of bone remodelling
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their activity (Figure 3)17. More recently it has been
confirmed that the oestrogens can increase levels
of osteoprotegerin (OPG), a protein which inhibits
resorption produced by the osteoblasts, and
because of which, could play a significant role in
the regulation of osteoclastogenesis15. This activity
would explain the loss of bone linked to hypoes-
trogenism after the menopause. For their part, the
androgens have a fundamentally anabolic effect,
in way which facilitates osteoblast action and inhi-
bits bone resorption by diminishing the secretion
of cytokines such as IL-618.

Local regulatory factors for bone remodelling
One of the most significant conceptual advances
in the 1980s was the recognition of the regulatory
role of many cytokines in the physiopathological
regulation of bone resorption19. Currently it is
known that bone contains cells which can produ-
ce prostaglandins, nitric oxide, growth factors, as
well as cytokines, whose interactions are com-
plex20. These substances, synthesized by the bone
cells or coming from the medullar microenviron-
ment, act  in an autocrine or paracrine fashion,
modulating bone remodelling12. Table 2 schemati-
ses the principal local factors and their principal
action on bone formation or resorption.
Cytokines and growth factors
The cytokines are polypeptides synthesised in
lymphocyte or monocyte cells whose role inclu-
des various cellular functions, such as the immu-
nological response, inflammation and haemato-
poiesis. The growth factors are polypeptides origi-
nating in cells inside or outside the bone which
act essentially on cell growth, differentiation and
proliferation.

In the bone, those polypeptides act to increase
the proliferation and differentiation of the pre-
osteoclasts (resorptive action), in some cases (IL-
1, GM-CSF, etc). This would immediately lead to
the formation of active osteoclasts which favour
bone resorption. In other cases, the growth factors

act to stimulate the formation of bone, since they
stimulate the differentiation of the osteoblasts (for
example, TGB-β) or increase the number and
function of these cells (IGF-I and II) and their con-
sequent reparative action.

Convergence theory: the RANK-RANKL-OPG
system
The remodelling of bone is responsible for the
combined action of the osteoclasts and the osteo-
blasts in a sequential and antagonistic though
independent action, both stimulatory and modula-
tory due to different factors (mechanical, hormo-
nal, local). It has only been since the end of the
1990s that the final effects of the whole of this pro-
cess has been known: the receptor activator of
nuclear factor kappa β ligand (RANKL), its natural
receptor (RANK) and osteoprotegerin (OPG), all
belonging to the family of tumour necrosis factors
(TNF). RANKL is a protein expressed by the oste-
oblasts and their precursors under the control of
hormones, cytokines and pro-resorptive growth
factors. The bonding of RANKL to its natural
receptor on the cell surface of the osteoclasts and
their precursors, RANK, stimulates the fusion of
the pre-osteoclasts, promoting the adherence of
the osteoclasts to the bone, activating their func-
tion and increasing their survival by avoiding
apoptosis21,22. OPG is, in turn, a protein synthesi-
sed by the osteoblasts and the stromal cells, which
acts as a dummy receptor, blocking the bonding of
RANKL with its natural receptor RANK. In this
way, OPG blocks every one of the actions of
RANKL, producing a reduction in the number of
osteoclasts and thus increasing their apoptosis22,23

(Figure 4).
Taking into account the antagonistic effects of

the RANKL and OPG proteins, it is easy to unders-
tand that bone remodelling depends ultimately on
the balance between them, which, in turn, is
influenced by the many factors which we have
reviewed up to this point. Thus the “convergence
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theory” considers that the
RANK/RANKL/OPG system is the
final effector of most of the regula-
tory factors for bone remodelling
(Figure 5)19.

The osteoclasts, as has already
been said, are derived from mono-
nuclear precursors from the
monocyte-macrophage line. Their
differentiation into mature osteo-
clasts requires the expression of the
macrophage colony-stimulating fac-
tor (M-CSF) or the stromal osteo-
blasts, in a synergistic action. In
addition, the completion of the pro-
cess of differentiation requires the
expression of RANKL by the osteo-
blasts, and of RANK by the osteo-
clast precursors. The osteocytes
would regulate the recruitment and
function of the osteoclasts, inducing
the expression of RANKL by the
osteoblast cells. The osteoclasts, in
turn, are capable of regulating, posi-
tively or negatively the functions of
the osteoblasts23.

On their part, the hormones, the
cytokines and the growth factors
would act on receptors in the osteo-
blasts and other cells to induce the
production of RANKL. Some of
these factors also suppress the pro-
duction of OPG by the osteoblasts,
increasing the RANKL/OPG ratio. In
this situation, the free RANKL acts
on the osteoclast precursors (M-
CFU), increasing their function and
maturation, and also on the mature
osteoclasts, increasing their activity
and protecting them from apoptosis.

In addition to PTH, other pro-
resorptive agents which regulate the
expression of RANKL or OPG inclu-
de the interleukins IL-1, IL-7 and IL-
17; TNFα, glucocorticoids and vita-
min D. On the other hand many
molecules which inhibit bone
resorption, such as the oestrogens,
IFNγ, TGFβ and the interleukins IL-4
and IL-13, have also been shown to
regulated the RANKL/OPG balance
(Table 3).

The main physiological role of
the RANK/RANKL/OPG system is
the regulation of bone remodelling,
involved in a wide range of bone
diseases in which an imbalance
occurs between formation and
resorption24. In addition, other func-
tions outside the skeleton related to
vascular calcification, the immune
system and the development of the
mammary glands have been confir-
med in animal models25. Mutations

Figure 3. Molecular and cellular actions of the oestrogens in the
regulation of bone remodelling (adapted from Riggs18)

Table 2. Principal local regulatory factors of bone remodelling
(adapted from16,20)

Stimulus of
resorption

Inhibition of
resorption

Increase in
formation

Cytokines

Interleukins

IL-1

IL-4

IL-6

IL-11

+

+

+

+

Tumour necrosis
factors TNF-α +

Colony
stimulating factor

GM-CSF
M-CSF

+
+

Interferón γ IFN-γ +

Prostaglandins PGE +

Growth factors

Insulin-type IGF-I y II +

Transformer TGF-β +

Fibroblastic FGF +

Derivatives of
platelets PDGF +

Bone morphogenic
proteins BMPs +

Leukotrienes +

Nitric oxide NO +
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have been identified in the genes for RANKL and
OPG (and for their intracellular transporters) in
diseases characterised by local alterations in bone
remodelling, such as Paget’s disease26. In animal
models for rheumatoid arthritis, an early activation
of RANKL and a suppression of OPG has been
observed in inflamed joints27. It has also been seen
that the cancerous cells in bone metastasis are
capable of increasing the RANKL/OPG ratio,
which stimulates bone resorption and makes avai-
lable to the cancerous cells the space to grow
within the bone. The same thing occurs with mul-
tiple myeloma, whose cells are even more destruc-
tive for bone25. The participation of the
RANK/RANKL/OPG system in all these processes
could have different clinical implications25:

- In prostate cancer OPG could be a new indi-
cator for the diagnosis and early progression of
the disease. In addition, given that those patients
with prostate cancer who respond to antiandroge-
nic therapy have significantly lower levels of OPG,

it could become a useful marker in
the treatment of these patients. In
addition, denosumab (AMG 162)
(DMAB), an anti-RANKL monoclo-
nal antibody, has been shown to
increase bone mineral density and
to reduce the incidence of new ver-
tebral fractures in patients with
prostate cancer who are receiving
antiandrogenic therapy28.

- Different studies have found
that patients with multiple myeloma
have lower concentrations of OPG
than controls. Denosumab has
shown persistent antiresorptive
effects in patients with multiple
myeloma and with bone metastasis
from breast cancer29.

- It is also possible that OPG par-
ticipates in the pathogenesis of
bone loss associated with chronic
renal disease, and that which occurs
after a solid organ transplant.
However, as far as we know, the
therapeutic possibilities of this parti-
cipation by the RANK/RANKL/OPG
system have not yet been explored.

- As has been commented on
earlier, the RANK/RANKL/OPG
system also plays a significant role
in rheumatoid arthritis. Various ran-
domised clinical trials with denosu-
mab have shown the therapeutic
usefulness of this anti-RANKL anti-
body in patients with rheumatoid
arthritis which is not just limited to
a reduction in bone loss, but also
protection against bone erosion and
structural damage30,31,32.

- Finally, the aspect most investi-
gated has been the aforementioned
role of the RANK/RANKL/OPG
system in postmenopausal osteopo-

rosis. Thus, from the therapeutic point of view, it
should be mentioned that denosumab has been
authorized both by the America and European
health authorities for this indication. The clinical
data which endorse the utility of denosumab in
the treatment of postmenopausal osteoporosis are
reviewed in another article.

Final comments
Bone metabolism involves a series of phenomena
much more complex than the simple interaction
between a cell destructive of bone and one which
forms new material as turnover, as was thought
some decades ago. Thus, bone remodelling
depends on many processes, not only cellular, but
also endocrines of various kinds (oestrogens, vita-
min D, PTH, calcitonin, even corticoids...), as well
as auto- and paracrines with various growth fac-
tors, interleukins and leukotrienes, among others,
which together with a true bone mechanostat, all
come together in a final common effector system

Figure 4. Regulation of osteoclastogenesis by the RANKL/RANK
system: the RANK ligand bonds with its RANK receptor provoking
the maturation of the pre-fusion osteoclasts into multinuclear oste-
oclasts and, finally, into activated osteoclasts

Figure 5. Convergence theory: confluence of modulatory factors
of bone remodelling in the final effector system (adapted from
Fiter19)
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Table 3. Regulators of the expression of OPG, RANKL
and RANK (adapted from Hofbauer23)

↑ increase the expression; ↓ diminish the expression;
⎯ no changes were observed

OPG RANKL RANK

Calcitriol ↑↓ ↑ ↑

Oestrogens ↑ ↓ / ⎯

Testosterone ↑↓ ⎯

Glucocorticoids ↓ ↑

PTH ↓ ↑

IL1 ↑ ↑

IL4 ↓ / ⎯

IL7 ↑

IL-13 ↑ ↑ ⎯

IL-17 ↓ ↑ ⎯

TNF-α ↑

Interferon γ ↑ ↑ ↑

PGE2 ↓ ↑

TGF-β ↑ ↑↓ ⎯

BMP2 ↑ ⎯

Glossary

BMPs Bone morphogenic proteins
M-CFU Macrophage colony-forming units 
M-CSF Macrophage colony-stimulating factor 
CTx C-terminal telopeptide of type 1 collagen 
FGF Fibroblastic growth factor
GM-CSF Granulocyte-macrophage colony-stimulating factor
IFN-γ Interferon γ
IGF Insulin-like growth factor
IL Interleukin
MBR Markers for bone remodelling
NO Nitric oxide
NTx TN-terminal telopeptide of type 1 collagen 
OP Osteoporosis
OPG Osteoprotegerin
PDGF Platelet derived growth factor
PGE Prostaglandin E
PTH Parathyroid hormone
RANK Receptor activator for nuclear factor κβ
RANKL Receptor activator for nuclear factor κβ ligand
TGF-β Transforming growth factor 
TNF-α Tumour necrosis factor
BMU Basic multicellular unit

which regulates the equilibrium between forma-
tion and resorption, which is the RANK-RANKL-
OPG system.
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Summary
Fibromyalgia (FM) is a syndrome characterised by the presence of diffuse chronic body pain which is
associated with tenderness at certain sensitive points. Symptoms such as fatigue, altered sleep patterns or
depression reduce the quality of life of these patients, reducing their physical activity. This may enhance
the risk of osteoporosis. Various works have analysed the bone mass and levels of vitamin D in patients
with FM, but the results are not conclusive.
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Introduction
Fibromyalgia (FM) is a syndrome characterised by
diffuse chronic pain associated with the presence
of pain on the palpation of specific sensitive
points located in certain parts of the body, in the
absence of an organic disease which would justify
it. It is frequently associated with other symptoms
such as fatigue, headache, sleep disorders, and
other functional disorders1,2,3.

Historically, it was Sir William R Gowers4 (1845-
1915) who was the first to introduce the term
“fibrositis” to describe the occurrence of muscular
hypersensitivity in the regional pain syndromes, in
which he thought he had found fibrous nodules
made up of collagen tissue and nerve endings
extremely painful to pressure and mechanical mus-
cular force. During the second half of the 20th cen-
tury there were notable advances in the clinical,
pathogenic and conceptual aspects of the process.
The modern history of the disease starts with
Smythe5 who, in 1972, systematised the “tender
points” and established the first diagnostic criteria.
In 1976, Hench6 proposed, and used for the first
time, the term FM to highlight the importance of
these painful phenomena and the absence of
inflammatory data, which on the other hand pre-

supposed the term “fibrositis”. In 1981, Yunus7

reframed the current criteria to date, introducing
additional aspects over and above the pain. In
1990 the American College of Rheumatology
(ACR)1 developed the classification criteria for FM.
Over the past 20 years, a series of objections to
these criteria have been developed, such as the dif-
ficulty in counting these tender points, which is
carried out very seldomly and incorrectly, and the
lack of consideration of the seriousness of the
symptoms. With these new requirements, the ACR
created in 2010 some preliminary diagnostic crite-
ria for FM not based on tender points8.

In FM, various circumstances occur which
makes one think that osteoporosis (OP) may be
more frequent in this condition than in the rest of
the population. It is often associated with depres-
sion9,10 and other personality changes11,12, possibly
due to a reduction in daily activity as a conse-
quence of the pain, and as such, to a lower expo-
sure to sun. A vitamin D deficit may be associated
with the presence of musculoskeletal pain13. Low
levels of physical activity14 or depression in adult
subjects15 have been associated with low levels of
vitamin D. Finally, some drugs used in the
symptomatic treatment of FM may alter the bone16.
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The sum of these factors leads to the suspicion
that patients with FM may have an increased risk
of having OP. Various studies have been carried
out which analyse bone mineral density (BMD) in
patients with FM, but the results obtained have
been uncertain. This is why we wished to carry
out a review of the literature on this matter.

Levels of vitamin D in patients with
fibromyalgia
Patients with FM are physically inactive, which
results in a lower exposure to sun, and, therefore,
a higher risk of hypovitaminosis D. A deficiency in
vitamin D in these patients may increase muscu-
loskeletal alterations, and the risk of falls.

Some works have shown a relationship betwe-
en FM and low levels of vitamin D. Al-Allaf et al.17

determined the levels of 25 hydroxyvitamin D (25-
OHD) in 77 premenopausal women, of whom 40
had FM, with the other 37 being healthy. They
found a high prevalence of hypovitaminosis D
(defined as 25-OHD < 8 ng/ml) in the FM group
(45%) compared with the control group (19%) (p<
0.015). Huisman et al.18 analysed the levels of vita-
min D metabolites (25-OHD and 1,25 OHD) in 25
women with FM and a similar number of women
with Systemic lupus erythematosus (SLE), finding
no differences; the prevalence of hypovitaminosis
D (defined in this case as 25-OHD < 20 ng/ml)
was high in both groups (48% FM, 58% SEL).
According to the authors the use of drugs such as
hydroychloroquine, which modifies the conver-
sion of 25-OHD to 1,25-OHD, may explain the
deficiency in SEL, but in FM it may be due to other
factors such as lower exposure to sun or to dietary
disorders.

A more recent work19, carried out in 75 cauca-
sian patients with FM (5 men and 70 women),
found a high prevalence of hypovitaminosis D in
this population. Specifically, 13% of the cases had
25-OHD < 10 ng/ml, 56% between 10-20 ng/ml
and only 31% with levels of ≥ 20 ng/ml. Despite
having made an assessment using the FIQ scale to
measure the impact of FM on the quality of life
(state of health and functional affectation in
patients with FM), no relationship was found bet-
ween the levels of vitamin D and the musculoske-
letal symptoms.

We would now like to mention the works of
other authors who have analysed the levels of
vitamin D in patients with chronic pain, although
not necessarily with FM. Plotnikoff et al.20 determi-
ned the prevalence of hypovitaminosis D in 150
patients of both sexes and of 6 ethnic groups, who
suffered non-specific persistent (> 2 months) mus-
culoskeletal pain and which did not respond well
to standard treatment. 93% of the total of these
patients had low levels of vitamin D (25-OHD < 20
ng/ml), specifically, 83% of the white patients,
89% of the Asians, and 100% of the African-
Americans, Native Americans and Hispanic
patients. There were no differences by sex. Block
et al.21, cognisant of this study, determined the
levels of vitamin D in 101 white patients of both

sexes who suffered generalised non-specific chro-
nic musculoskeletal pain. Two thirds of these
patients (69) met the ARC criteria for FM and the
remaining third formed the control group. The
average level of vitamin D was similar in both
groups, although the prevalence of hypovitamino-
sis D (25-OHD < 20 ng/ml) was higher in the FM
group than in the control group (48% vs 28%).
Levels lower than 10 ng/ml were detected in 12%
of the patients with FM, as against 3% in the con-
trol group. In 2008, Mouyis et al.22 compared the
levels of 25-OHD in patients diagnosed with
OP/osteopenia (n= 122) with a group of rheuma-
tology patients followed up in an outpatients cli-
nic (n= 141), observing that the levels of 25-OHD
were significantly lower in the rheumatology
patients. Specifically, those subgroups with inflam-
matory arthritis and chronic pain/FM had lower
levels. More recently, McBeth et al.13 analysed
levels in 3,075 people (8.6% with chronic diffuse
pain, 50.4% with “other pain” which did not satisfy
the criteria for diffuse chronic pain, and 41% con-
trols) observing that, after adjusting for age and
physical activity those patients with “other pain”
and with chronic diffuse pain had lower levels of
25-OHD than the control group. A study carried
out in the British population by Atherton et al.23 in
2009, in people of both sexes, found an inverse
relationship between levels of vitamin D (25-
OHD) and the suffering of chronic diffuse pain,
but only in women. However, this relationship
disappeared after adjusting for confusion factors.
Tandeter et al.24 analysed the possible relationship
between low levels of vitamin D and non-specific
musculoskeletal pain (including patients with FM)
in premenopausal women. They analysed this
relationship in 68 women with FM and 82 without,
not finding a relationship in either. Neither did
Warner et al.25, comparing 184 patients with diffu-
se pain and 104 with osteoarthritis (taken as the
control group) find a difference in 25-OHD betwe-
en the two groups (29.2 ng/mL vs 28.8 ng/mL; p=
0.78). Nor were there differences in the percenta-
ges of patients with levels of 25-OHD ≤ 20 ng/mL
(29% in patients with diffuse pain and 20% in
those with osteoarthritis; p= 0,09). These authors
administered vitamin D supplements, as opposed
to a placebo, in 50 of their patients with diffuse
pain and levels of 25-OHD ≤ 20 mL, over 3
months, confirming that the treatment with vita-
min D did not have any effect on the pain in com-
parison with the placebo. In accord with these
works, Ulusoy et al.26 compared, in 2010, the
levels of 25-OHD in 30 women with FM compared
with 30 healthy women of the same age, without
finding any differences. Neither did Rzende et al.27

find any such differences in a transverse study
which compared levels of 25-OHD in 87 patients
with FM with a control group made up of partici-
pants without chronic musculoskeletal pain. The
majority of these works failed to conclude that the
prevalence of hypovitaminosis D was higher in
patients with FM, although the studies are quite
heterogeneous.
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Fibromyalgia and osteoporosis
FM and OP share risk factors in common, and
some medicines which alleviate the symptoms of
FM may alter bone metabolism. Thus it has been
suggested that the incidence of OP may be incre-
ased in those patients with FM.

1. Sex
Both OP and of FM are predominant in women. A
study carried out by Yunus28 to evaluate the role of
sex in FM indicated a 9:1 proportion in favour of
women. It is also calculated that OP is 3 times
more frequent in women than in men.

2. Age
Both the prevalence of OP, and that of FM, incre-
ase with age. In the study of Wolfe29 FM reached
its maximum prevalence between the ages of 60
and 79 years. A later study by White30 confirmed
that the symptoms of FM intensify with age. Age is
also a clear risk factor for the development of
osteoporosis31.

3. Hygiene-dietary habits and lifestyle factors
Smoking exacerbates the pain symptoms in
patients with FM32 and its deleterious effects on
bone are well known.

It has been demonstrated repeatedly that
physical exercise has a beneficial role in the
attainment of peak bone mass33,34, and that it is
associated with an increase in bone mineral den-
sity (BMD)35. Physical inactivity is common in
women with FM, often the consequence of pain,
which constitutes another risk factor for the deve-
lopment of osteoporosis36.

Dietary disorders may influence the develop-
ment of osteoporosis. In FM, a higher prevalence
of irritable bowel syndrome has been described37,
which is frequently associated with lactose intole-
rance, which can cause BMD loss in these
patients.

Patients with FM have a higher risk of anxiety-
depressive disorders38. The association between
depression and changes in bone mass has been
well documented39. Depression may take place in
a weakened state, with protein deficiency, a
decrease in calcium and vitamin supply and a
reduction in levels of IGF-140. In addition, depres-
sion is associated with other risk factors for osteo-
porosis, such as physical inactivity due to fatigue,
pain, quality of sleep and symptoms of depres-
sion.

4. Hormonal factors
In FM, there are neuroendocrine alterations which
may favour the development of osteoporosis.

A) Sex hormones:
A study41 has evaluated the reproductive his-

tory of women between 35 and 74 years of age
with FM (n= 36, with chronic diffuse pain without
FM (n= 44), and without chronic pain (n= 408),
finding that the women with FM had a later
menarche (OR= 2.2 for > 14 years). Another
work42 has determined the levels of adrenal andro-

gens and its metabolites in 57 women with FM
and 114 healthy controls. The levels of dehydroe-
piandrosterone (DHEA) were lower in the preme-
nopausal (2.4 vs 4.8 µmol/l; p< 0.0001) and pos-
tmenopausal patients (1.2 vs 2.4 µmol/l; p< 0.001)
with FM compared with their controls. Levels of
testosterone were lower in premenopausal
women with FM, but not in the postmenopausal
women (2.36 vs 4.93 pmol/l; p< 0.0001). These
results suggest adrenocortical hypofunction of the
sex steroid metabolism, which could have an
influence on the bone.

B) IGF-1:
The insulin-like growth factor type 1 (IGF-1)

stimulates bone formation, exerting an anabolic
influence on the bone43. Its deficiency has been
related to the development of OP44. Some studies
indicate that blood levels of IGF-1 are reduced in
FM45,46,47. This may constitute a risk factor for the
development of low bone mass. Bennett et al.48

have shown that in 500 women with FM, as
against 126 healthy women, levels of IGF-1 are
lower in the patients  (138 ± 56 ng/ml vs 215 ± 86
ng/ml; p< 0.001 ), whilst a more recent study49

describes levels of IGF-1 26% lower in women
with FM compared with healthy women.

5. Use of medication
Certain drugs used in the treatment of FM may
alter bone metabolism.

The anti-depressive selective serotonin reupta-
ke inhibitors reduce the symptoms of FM50. It has
been reported that these drugs may reduce BMD.
In addition, they increase the risk of amenorrhea51.
The benzodiazepines, well used in FM, are asso-
ciated with a higher risk of falls and bone fractu-
res52,53. The anti-epileptics, used in the treatment of
neuropathic pain,54,55 may cause hypovitaminosis D
and osteomalacia.

Studies of bone mass in patients with
fibromyalgia
The first authors who studied the alterations in
bone metabolism in patients with FM were
Appelboom et al.56, in 1990 analysing the BMD,
using DXA in the lumbar spine (LS) and hip, of 44
premenopausal women of 26-50 years of age (28
with FM and 16 controls with other soft tissue
rheumatisms). No differences were found in bone
mass between the two groups in any location,
after adjusting for the degree of physical activity
and diseases or treatments which could modify
bone metabolism. However, they did report an
increase in bone remodelling in patients with FM,
determined using radioisotopes (pyrophosphate
bonded with technetium [Tc-PPi]) with a higher
retention of Tc-PPi.

In a later (posterior) study57, the BMD in LS
measured by DXA was analysed in 24 women
with FM and 48 healthy women (30-60 years of
age). Stratifying the women by decades of age (31-
40, 41-50, 51-60) they found that the women with
FM had, at all ages, a lower bone mass in the LS
(T-score = -0.31 vs -0.16 between 31- and 40 years,
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-0.19 vs 0.04 between 41 and 50 years and -1.40 vs
-0.25 between 51 and 60 years). In the femoral
neck (FN) however, they only found differences in
the decade 51-60 years (T-score = -1.97 vs -0.9; p<
0.005).

Another work58 studied, using ultrasound (US)
of the calcaneum, 116 women with FM and 141
control women, all of whom were premenopau-
sal. It found no differences between the two
groups, but the control women were slightly taller
and with a lower body mass index (BMI); after
correcting for weight, the results were lower in the
FM group. In the same vein, another work17 analy-
sed the BMD with US (calcaneum) and DXA (LS
and distal forearm) in 40 premenopausal women
with FM and 37 healthy women of the same age,
and found no difference either by US or by DXA
(BMD in LS, 1.248 g/cm2 in FM vs 1.240 g/cm2 in
the controls), However, the BMD in the distal third
of the forearm was lower in patients with FM
(0.699 g/cm2 vs 0.724 g/cm2; p= 0.02).

Other authors have evaluated the influence of
risk factors, such as depression or physical acti-
vity, on the development of osteoporosis in these
patients. Erdal et al.59 evaluated the BMD through
DXA in the LS and FN in 38 women with FM and
20 healthy controls (25-50 years), determining also
their level of depression with the Beck scale. The
BMD was lower in the FM group with respect to
the control group, both in the LS (DMO= 0.950 ±
9.902 vs 1.000 ± 6.082; p= 0.026) and in the FN
(DMO 0.840 ± 0.123 vs 0.920 ± 7.654; p= 0.003),
finding a negative correlation between Beck’s
scale of depression and values of BMD in both
locations (r= -0.53, p= 0.001 in LS; r= -0.47, p=
0.003 in FN) in all the women combined. Jensen
et al.60 analysed BMD (using DXA in the LS and
FN) in 31 women with FM (20 premenopausal and
11 postmenopausal) and 40 healthy women (30
premenopausal and 10 postmenopausal), appl-
ying, also, the VAS scale for pain and studying the
degree of physical activity in daily life with FIQ.
They found no differences in BMD in either of the
two locations, although in the premenopausal
women with FM the BMD in LS was correlated
negatively with the degree of pain and the FIQ
score (r= -0.52; p= 0.003; and r= -0.31; p= 0.9, res-
pectively, from which the authors conclude that
the severity of FM can have a negative impact on
bone mass.

Another, older, work, and with a lower number
of patients61, studied in 24 premenopausal women
(12 with FM and 12 healthy) the BMD using DPA
(dual photon absorptiometry) in LS and FN, as
well as makers for bone remodelling in the blood
(alkaline phosphatase and osteocalcin) and urine
(calcium/creatinine and hydroxyproline). They
found no differences either in bone mass or in
markers for bone formation between the two
groups, but they did observe that the calcium/cre-
atinine quotients in urine were higher in the
women with FM than in the control group (0.35 vs
0.19 mM/mM [p= 0.01] y 22 vs 12 µM/mM [p=
0.002], respectively), which appears to indicate an

increase in bone resorption in these women. More
recent studies have also failed to clarify the possi-
ble association between low BMD and FM. Ulusoy
et al.26 found no differences in BMD in either the
lumbar spine or the femoral neck, after an analy-
sis of 30 women with FM and 30 healthy controls
of the same age.

Other works have analysed markers for bone
remodelling in patients with FM. Maghraoui et al.62

measured blood levels of osteocalcin, crosslaps
(CTX) and parathyroid hormone (PTH) in 81 peo-
ple (41 healthy, 40 with FM), finding that those
patients with FM had blood levels of CTX and PTH
lower than the control group, from which the
authors conclude that the patients with FM had
reduced bone resorption.

Conclusion
FM is a disease characterised by the presence of
diffuse chronic pain, associated with other
symptoms such as fatigue, depression or non-res-
torative sleep. This disease has risk factors in com-
mon with osteoporosis. Various works have analy-
sed bone mass and levels of vitamin D in patients
with FM, but the results are less than conclusive.
In addition, most of these studies have been
carried out with a low number of patients and
with highly heterogeneous control groups. New
works are needed which will analyse in depth the
association between these two diseases.
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Evolution of bone mineral density
after a 15 year intervention based
on progressive force training

Dear Editor,
Osteoporosis is the most common
bone disorder in humans, affecting
older people at a very high rate. It
consists of an imbalance in bone
formation-resorption which princi-
pally affects its strength and resis-
tance, resulting in an increase in
risk of fractures1. This situation is
associated with high levels of mor-
bidity and mortality2. One of the
many causes which affect this rela-
tionship is the history of the
mechanical load taken by the bone3, and, accor-
ding to the law proposed by Dr Wolff, the stress
or mechanical load applied to the bone through
the tendon and generated by the muscle.
Pharmacological intervention for osteoporosis
includes drugs of the biphosphonate family, the
selective oestrogen receptor modulators, parathy-
roid hormone, the oestrogens and calcitonin2. In
addition, the referent institutions and the specia-
lists agree in including the practice of physical
exercise among health-giving habits for people
affected, or with possible affectation of bone
mineralisation2. However, there is a need to eva-
luate longitudinal studies of physical exercise3,
given that bone improvements happen 4-6 months
after the start of intervention, but only after a year
will these changes become significant3. Similarly,
Beck et al.4 have found that, despite the abundant
scientific evidence which relates resistance exerci-

se with oestrogen stimulus, the changes in bone
mineral density are usually modest. Therefore, it
seems logical to think about the necessity of carr-
ying out long term longitudinal studies to be able
to observe changes resulting from the application
of a resistance exercise programme.
Thus we have evaluated an intervention using a
progressive force training programme over 15
years in a 64 year old woman who was receiving
standard antiresorptive drug treatment (alendrona-
te). The trial started in 1995, after finding out the
degree of osteoporosis suffered by the subject of
the study by measuring her bone mineral density
with dual energy X-ray absorptiometry (DXA),
both in the femoral neck and in the lumbar region.
The annual check was carried out in the same cli-
nic using the same machine. The training pro-
gramme consisted of a programme of progressive
neuromuscular conditioning based on the perfor-

Table 1. Percentage change in initial values and final values after
the intervention. The percentage change has been calculated
using the formula: 

% change = [(post-pre)/pre]x100 

1995 2009 % change

Femoral neck 640 g/cm2 866 g/cm2 35.31%

L2-L4 729 g/cm2 994 g/cm2 36.35%
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mance of resistance exercises. Before starting the
programme measurements were taken of maxi-
mum strength to enable the prescribing of exerci-
se on the basis of the maximum voluntary load.
Subsequently, 8 exercises were selected which
involved all, the major muscle groups. The trai-
ning programme was characterised by the perfor-
mance of a series of warm-ups carried out with
between 15 and 20 repetitions. After one minute
of recuperation. 3 series were carried out, with 8-
12 repetitions. This programme increase in fre-
quency from one session a week during the first 6
years to two training sessions for the remaining 8
years. The other variable which experienced varia-
tion with the aim of contributing to the progres-
sion of the training was the load. 
Our results (Table 1) show an annual progressive
increase in bone mineral density of 2%. Assuming
the potential limitations of carrying out the obser-
vation in a single case, in addition to receiving
drug treatment, these data agree with those publis-
hed my Suominen5. Their records determine that
in people of advanced age the rhythm of annual
progression of bone mineral density caused by the
resistance exercise treatment may be between 1
and 3%5. The bibliographical search has found few

studies whose period of intervention is similar to
this case. However, our data are in line with ear-
lier research which established the suitability of
resistance exercise treatment as an efficacious
measure, and as a tool synergistic with drug treat-
ment for the treatment of osteoporosis. Finally, we
note that over the period of treatment not a single
fall or fracture was recorded.
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