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The debate over the FRAX scale

Diez Pérez A

Servicio de Medicina Interna y Enfermedades Infecciosas - Hospital del Mar - IMIM-UAB - Barcelona

linical judgement, empirical, intu-
itive and based on experience, is
one of the pillars of clinical deci-
sion-making. Along with clinical
tests (“evidence”), and at an equal
level, it serves to adapt what sci-
ence offers to the individual
patient. Osteoporosis is no excep-
tion. For years, we clinicians have used a long list
of clinical risk factors, some modifiable, others
not, to evaluate in each patient how much risk we
must counteract with our interventions in a typical
cost-benefit analysis.

The problem is that the quantification of this
risk has been difficult. Other fields of pathology
have preceded us in the search for formulae
which permit us to calculate the risk of an individ-
ual patient becoming ill, attributing its relative
weight, if they have it, to each of the factors which
play a role in the determining the risk. In the case
of osteoporosis, the risk of fracture.

Numerous scales have come to be constructed
with this intention in recent years. Scales such as
ORAI, Fracture Index, etc., have enjoyed limited
approval their use was complex, or because their
predictive capacity was (or was seen to be) limited.

After a long gestation, the FRAX scale has been
put at the clinicians’ disposal.

Its immediate success remains certain because
it has generated a fierce debate from the start.
Other reasons explain the whys and wherefores of
its impact. Based on a broad mega-analysis of
prospective cohort studies, from a number of
countries, it is more methodologically rigorous
and internationally representative than any earlier
studies have been. Endorsed by the OMS and with
the prestige of its creators, it has been adapted to
many countries and translated into their respective
languages. In addition, it is clinically plausible
since it introduces various elements demonstrated
as key to the determination of risk of fracture, and
allows the qualification of absolute risk at ten
years in each case both for femoral fracture and
for the principal fractures resulting from osteo-
pOrosis.

However, since the beginning there has been
something lacking in the calculation of risk which
it offers. Although it permits estimation independ-

ent of the measurement of bone density, its addi-
tion is important in order to refine the calculation.
In this case, however, the measurement is limited
to the femoral neck, often dissociated from more
important deteriorations in other parts of the
body, such as the spinal column, which is no less
robust than the measurement of the whole femur.
There are powerful independent predictors of risk
which are not taken into account, such as, for
example, the frequent occurrence of falls, or a diet
highly deficient in calcium. The estimate of some
factors is very approximate. Thus, having had one
or a number of falls, having taken a very high or
very low dose of corticoids, or the existence, or
not, of some diseases strongly associated with
osteoporosis, are all valued equally. What's more,
its applicability remains limited to women not pre-
viously treated, excluding a great number of cases
which we deal with daily. Tt is also certain that the
epidemiological baseline for the incidence of frac-
tures is approximate for the majority of the coun-
tries which have adapted the tool.

Two recent publications, based on the SOF
(Study of Osteoporotic Fractures) and on the
analysis of the placebo group of the pivotal study
of alendronate (the FIT study), have started to
open a crack in its credibility. Both studies have
confirmed that the predictive capacity of using
simply age + BMD or age + previous fracture' in
one study, or age + BMD + vertebral fracture? in
the other is equally correct as using the FRAX
scale.

In Spain these limitations have similarly been
detected by means of an analysis of a wide
prospective cohort study. As much for its for its
over- as for its under-evaluation of risk, in cases of
extreme risk of fracture observed, the linearity of
the tool is limited?.

What can we conclude? Above all we must
congratulate those who have created the FRAX
scale. Without a doubt it is a crucial advance in
our clinical analysis of osteoporosis. Imperfect, of
limited validity, with methodological defects, with
telling shortcomings. And yet it represents the first
global scale, which will mark a new paradigm in
tackling osteoporosis, since it will be, without a
doubt, the vertebral column on which we are
going to work in the coming years. To perfect and
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improve it in its applicability to specific countries
is going to be the immediate task in its develop-
ment. In the meantime, its judicious use, con-
scious of its limitations, will be a help in our clin-
ical practice. As always, returning to clinical judge-
ment.

Jesus Hurtado

1t is inevitable that we dedicate some words to the
memory of Jesus. No-one who knew him can dis-
pute his qualities. A terribly human person, dis-
creet, a hard worker, straightforward, affectionate,
Jar-sighted, a scientific sage and doctor...All these
descriptions, which are routinely applied to those
who have died, most of the time simply because
they are dead, are strongly applicable to Jesiis.
Exemplary in bis life and in bis passing towards
death, be was a point of reference for all those who

knew, and also, loved bim. For his immutable
smile and for the peace bhe radiated. Let us all
enjoy his memory.
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Summary

Background: Fractures are a clinical complication of osteoporosis, and among them vertebral fractures
(VF) are the most frequent. This type of fracture is often asymptomatic or happens unnoticed and is not
diagnosed.

Objective: To study the prevalence of previously non-diagnosed vertebral fractures in a population of post
menopausal women over 50, who have attended an Internal Medicine outpatient clinic because of chron-
ic back pain.

Material and methods: 273 women participated in the study, which comprised a group of cases (Group
D and a control group (Group II). Group I consisted of 202 post-menopausal women who had chronic
back pain at the time they attended one of 13 Internal Medicine outpatient clinics across Spain. Group II
was made up of 71 women who did not have back pain, and who were used as controls. To register any
risk factors for osteoporosis, and any clinical symptoms, a questionnaire, previously validated and used
in other similar clinical studies by SEIOMM members, was completed for all the female patients. A later-
al thoracic and lumbar X-ray was also carried out on all female patients. The interpretation of the X-rays
was done centrally. The Genant criteria for vertebral deformity were used for the diagnosis of the verte-
bral fractures.

Results: The post-menopausal women with chronic back pain were shorter in height than those who did
not have back pain (154 £ 7.7 cm compared with 157 + 7.7 cm, p= 0.005), they had a greater prevalence
of kyphosis (54% vs 32.4%) and a higher prevalence of VF (15.8% vs 2.8%, p= 0.004). No statistically sig-
nificant differences in the prevalence of fractures in total, hip fractures, Colles fractures and other frac-
tures, were found between the two groups. BMI, VFs and kyphosis showed an independent and statisti-
cally significant association with back pain.

Conclusions: At the time of the study 15.8% of post-menopausal women with chronic back pain present-
ed with at least one VF. In addition, they had a higher prevalence of kyphosis, and were on average 3cm
shorter, than the women without back pain. Given that these fractures were not previously diagnosed,
we suggest carrying out a lateral thoracic-lumbar X-ray on these patients, in order to establish a diagno-
sis and to start treatment as soon as possible.

Key words: Vertebral fracture, Osteoporosis, Prevalence, Back pain.



Introduction

Osteoporosis is a very common disease which pre-
dominantly affects older women, although it can
affect both sexes'. Tt is estimated that from the age
of 50 white women have a risk of osteoporotic frac-
ture of almost 50% for the rest of their lives®.

Fractures are a clinical complication of osteo-
porosis' and among them vertebral fractures (VF) are
notable for their frequency, while notable for their
seriousness are fractures of the proximal extremity of
the femur — or fracture of the hip*’.

VFs, being the osteoporotic fracture most preva-
lent, often occur unnoticed and are not diagnosed.
This is because on the one hand diagnosis requires
a lateral X-ray of the spinal column, with the appli-
cation of criteria for vertebral deformity which often
don’t coincide®’, while on other hand VFs can be
asymptomatic®. In addition, back pain, which can be
a symptom of VF is often attributed to other dis-
eases, or even to age.

Because of this we have carried out this study in
a population of women who attended an Internal
Medicine clinic suffering from chronic back pain,
with the objective of studying in these patients the
prevalence of undiagnosed VF.

Material and methods

This work is a prospective study, with cases and
controls, in which the cases were post-menopausal
women over 50 who attended an Internal Medicine
outpatient clinic, presenting with chronic back pain.
The following criteria for including patients in the
study were used: a) having back pain, located in the
dorsal and/or lumbar spinal column; b) that the pain
was present for at least 3 months and; ¢) that there
was no already-known cause for the pain. Back pain
located in the dorsal and lumbar spinal column was
included, while pain in the cervical spinal column
was excluded. The control group was made up of
women of the same age with no back pain, friends,
but without family connections, invited by the
patients themselves, not having had dorsal or lumbar
back pain for at least 6 months before the consulta-
tion, and not having taken any treatment for this
condition during the same period of time.

The patients were informed of the objectives of
the study and their consent requested. For all sub-
jects a questionnaire, previously validated and
used in other similar clinical studies®'!, was com-
pleted to gather clinical data on osteoporosis. A
basic physical examination was also conducted,
including measurement of height and weight in
light clothing. Lastly, a lateral thoracic-lumbar X-
ray was carried out on the subjects. All the X-rays
were brought together and studied by two radiol-
ogists (PA and RFP, see Annex 1). In cases of dis-
crepancy an assessment was requested from a
specialist in bone mineral metabolism (MSH). For
the diagnosis of VF the Genant criteria?, were
used. The study was carried out with approval of
the Committee on Medical Trials of the Island
University Hospital of Gran Canaria.

The data collected were entered into a database
already set up in the statistical programme SPSS
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(Statistical Package for the Social Sciences), for
which we had the necessary legal licences. For the
analysis of the data the Kolmogorov-Smirnoff test
was applied to establish the goodness of fit to nor-
mality for the variables studied. For each group stud-
ied, the variables categorised were summarised in
frequencies and percentages and the numericals in
averages and standard deviations. The percentages
were compared using the chi—square test and the
averages using the t-test. Those variables which
showed a significant association with the final objec-
tive (endpoint) were subjected to a multidimension-
al logistic analysis. A retrospective selection of vari-
ables based on the test of ratio of verisimilitude was
carried out. The association of each variable selected
with the final objective was expressed through the p-
value deduced from the final logistical model and
the odd-ratio, which was estimated with a confi-
dence interval (CD of 95%. A contrast of hypothesis
was considered significant when the corresponding
p-value was less than 0.05.

Results

A total of 273 post-menopausal women, 202 cases
and 71 controls participated in the study, recruited
by a total of 13 working groups across Spain. In
Table 1 the basal characteristics of the population
studied are shown. The average age of the partici-
pants was in the region of 70 years (69.7 + 11.0 years
in the cases and 71.3 £+ 11.3 years in the controls)
with no statistically significant difference between
the two groups. Neither was their any difference in
the weight (66.3 + 14.0 Kg as opposed to 65.5 + 12.6
Kg, p= 0.687) nor in the body mass index (28.0 + 5.5
Kg/m? as opposed to 26.7 + 4.8 Kg/m?, p= 0.081).
The women who had back pain were shorter in
height than the controls (154 + 7.7 cm as opposed to
157 + 7.7 cm, p= 0.005).

Table 2 shows the prevalence of other concomi-
tant diseases and lifestyle determinants in both
groups in the study. One can see that more than half
(54%) of those women who have back pain also
have kyphosis, a sign which is seen in less than a
third of the women who do not have back pain
(32.4%), p= 0.002. The distribution of the other dis-
eases - diabetes, chronic renal failure, obesity and
dyslipidemia — as well as some lifestyle and risk fac-
tors — alcohol consumption and family history of
osteoporotic fractures — were similar in both groups.

In Table 3 we observe the distribution of frac-
tures in both groups. 15.8% of post-menopausal
women with back pain have, at least one VF, whilst
in the control group we see that the prevalence is
2.8%, p= 0.004. The distribution of other fractures
was similar in both groups: all fractures, Colles frac-
ture, hip fracture and other fractures.

Finally, a multidimensional logistic analysis was
carried out to discover which factors show an inde-
pendent association with back pain. The results of
this analysis, set out in Table 4, show these factors as
being the body mass index, the existence of VFs and
Kyphosis, with VFs being the variable which shows
the strongest independent association (OR 6.325, CI:
1.450; 27.6, p= 0.014).
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Discussion

Fractures due to fragility constitute the principal
clinical complication of osteoporosis, and among
these VF has a special importance. A broad epi-
demiological study carried out in Europe demon-
strated that between 20% and 25% of the popula-
tion over 50 of both sexes have a VF" which
often occurs unnoticed, since it is the only frac-
ture in which there is neither a line of fracture
nor a break in continuity between the extremes.
VF can consist of a deformity, or crushing, of its
morphology, requiring for its correct diagnosis,
in addition to a lateral thoracic-dorsal X-ray, the
application of what are known as criteria of ver-
tebral deformity®, of which there are many, few
of which coincide”?. This was observed in EVOS
study, which found almost double the prevalence
of VF whether they applied the deformity criteria
of Eastell or McCloskey"”. Another factor which
leads to VFs being underestimated is the fact that
they are sometimes asymptomatic, or are experi-
enced as short term back pain®*.

VF is in itself a risk factor in suffering a new frac-
ture, be it vertebral or hip"™*. A study has been pub-
lished which states that 20% of women with VF with-
out treatment suffer a new VF within a year”, with-
out forgetting that VE, as with the remaining osteo-
porotic fractures, carries a higher morbidity> and
leads to an increase in mortality™”. Hence the impor-
tance recognising this.

Our study was carried out with a population of
patients who attended an Internal Medicine outpa-
tient clinic because of back pain, or in whom this
was confirmed when their clinical history was
taken, this not having been the explicit reason for
their attendance at the clinic. Our aim was to make
a first attempt at understanding the prevalence of
VF in these ambulatory patients, a study motivated
by the results we obtained from other work carried
out by the working group on osteoporosis of SEMI,
in which we found a higher prevalence of VF,
62.6%, in those patients who were admitted and
treated for a hip fracture!. Although in this popula-
tion of high risk for osteoporosis this result was no
surprise, it was surprising that in the control group
in this study, who were chosen from among
patients admitted to the Internal Medicine wards for
other processes unrelated to OP and without appar-
ent high risk of osteoporosis, showed a prevalence
of VF of 50%. In the current study 15.8% of post-
menopausal women with back pain have at least
one VF, whilst in the control group this prevalence
was only 2.8%. Previously, another co-operative
European study confirmed that up to 25% of post-
menopausal women have at least one VF"?, howev-
er, the same study clearly stated that many of these
fractures were asymptomatic. However, all the
patients in our study should be considered as hav-
ing symptomatic fractures since they attended pre-
cisely for back pain. We do not know the reasons
why the prevalence of vertebral fractures in the
control group was so low.

We did not find statistically significant differences
in the distribution of other diseases such as diabetes,

Table 1. Basal characteristics of the population
studied

Back pain
N - 202 Nl;k;l Value of p
Age (years) [69.7 + 11.0|71.3 + 11.3 0.294
Weight (kg) |66.3 + 14.0]65.5 + 126  0.687
Height (cm) | 154 £ 7.7 | 157 =+ 7.7 0.005
BMI (kg/m?) | 28.0 £ 5.5 | 26.7 + 4.8 0.081

Body Mass Index (BMD: Weight (kg)/height* (cm)

Table 2. Prevalence of concomitant diseases in the
groups of the study

Cases Controls val
Number Number ofue
(%) (%) -

Number 202 (100) 71 (100)
Diabetes 37 (18.3) 18 (25.7) 0.184
Obesity 65(32.3) | 16 (229 | 0.136
Chronic renal
failure 19 (9.9 4 (6.1 0.340
Tobacco 13 (6.4) 6 (8.5 0.566
Alcohol 6 (3.0 3 (4.3) 0.601
Dyslipidemia 76 (38.4) | 27 (39.7) | 0.847
Family history
of osteoporotic | 44 (22.0) | 16 (20.6) | 0.807
fractures
Kyphosis 107 (54.0) 22 (32.4) 0.002

obesity, chronic renal failure and dyslipidemia, or in
the distribution of some lifestyle and risk factors such
as tobacco and alcohol consumption, or family histo-
ry of osteoporotic fractures. As was expected, women
with VF had a higher prevalence of kyphosis than the
controls. On the other hand we did not find any sta-
tistically significant differences in other fragility-relat-
ed fractures, neither in general, nor independently in
hip fractures, Colles fractures or other fractures,
including fractures of humerus, tibia and ribs.

By carrying out a multidimentional logistic analy-
sis we found an independent association between
back pain and the variables BMI, VF and kyphosis.
We interpreted these results as being interrelated. We
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Table 3. Prevalence of fractures by group studied 7.
Cases | Controls vValue
Number | Number of 8
(%) (%) P '
9.
Presence of any
fracture 90 (44.6) | 28 (39.4) | 0.454
Vertebral fracture | 32 (15.8) | 2 (2.8) 0.004 10.
Hip fracture 16 (7.9) | 11 (15.5) | 0.066
Colles fracture 20 (9.9) | 10 (14.D | 0.332 1
Other fractures 32 (15.8) | 12 (16.9) | 0.835 12
13.
Table 4. Multidimensional logistic analysis: factors
having an independent association with back pain .
14.
Factor Value Odd Ratio
of p (CI—95%)
15.
BMI (Por Kg/m?) | 0.030 | 1.066 (1.005 ; 1.130)
16.
Vertebral fractures | 0.014 6.325 (1.450 ; 27.6)
17.
Kyphosis 0.008 | 2.246 (1.237 ; 4.077)
18.
19.

believe that the higher the BMI, the greater back pain
is observed in patients who already have at least one
VE, which in turn influences the development of

kyphosis.
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In conclusion, VF is found in 15.8% of post-
menopausal women who have back pain, as well as
a higher prevalence of kyphosis. Given that up to
20% of women who have a VF and have not had
treatment suffer a new VF within one year', it is
advisable to take into account this fact with a view to
indicating the most appropriate therapeutic measures
at the time.
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Summary

Objectives: To assess the relationship between osteoporosis and acute coronary syndrome.

Material and Methods: This study involved 163 patients aged between 39 and 79 years, with an average age
of 62 years. Of these, 83 were patients with acute coronary syndrome (90% acute myocardial infarction; 10%
unstable angina). The other 80 patients belonged to a control group without cardiovascular disease.
Anthropometric measures were taken and densitometry carried out in both the lumbar spinal column and
femoral neck. We considered a T-score < -2.5 DE as osteoporosis.

Results: No statistically significant differences were found regarding bone mineral density between the
group of cases and the control group. Stratifying the data by osteoporotic disease, we observed that the
prevalence is greater, to a statistically significant extent, in the group of patients with acute coronary syn-
drome. In analysing the data by sex, a greater prevalence of osteoporosis was found only in the group
of women with acute coronary syndrome, the same relationship was not found in the group of men.
Conclusions: In our study we observed a greater prevalence of osteoporosis in patients with acute coro-
nary syndrome.

Key words: Osteoporosis, Bone mineral density, Acute coronary syndrome.



Introduction

Atherosclerosi and osteoporosis are chronic
degenerative diseases with a high incidence in the
general population, representing two important
health problems whose prevalence will increase
with the average age of the population®?. They are
silent processes with high economic cost which
are manifested through their complications, acute
vascular accidents and osteoporotic fractures.
Various epidemiological studies have shown an
independent association of both processes with
age’'.

Atherosclerosis, which appears in coronary dis-
ease, cerebro-vascular disease and peripheral arte-
rial disease, is responsible for the majority of car-
diovascular diseases. It is characterised by a
chronic arterial inflammation caused, and exacer-
bated by disorders in the metabolism of lipids and
other clearly identified risk factors’. A characteris-
tic phenomenon of atherosclerosis is the calcifica-
tion which is set in motion by an active process in
which inflammatory cytokines and other media-
tors which regulate the phosphocalcic metabolism
are involved‘. These mechanisms can intervene in
an opposing phenomenon which is, at the level of
bone, characterised by a decrease in bone miner-
al content and changes in the micro-architecture
which define osteoporosis. What is notable is the
association of the two processes, which share
mechanisms, but which have a different expres-
sion.

There are numerous studies which evaluate the
relationship between cardiovascular diseases and
osteoporosis. There are two different types of
study, transversal and longitudinal, the latter being
of greater interest. These studies usually use sub-
stitute markers to assess the association of the two
processes, vascular calcification in atherosclerosis
and bone mineral density in osteoporosis. Of
greater value are those studies which use the pres-
ence of cardiovascular disease and fractures as
makers for disease. Magnus et al.” using the
NHANES III database found an independent and
statistically significant relationship between previ-
ous myocardial infarction and low bone mass. The
effect was observed only in men and was inde-
pendent of age, race, alcohol consumption, phys-
ical exercise and body mass index. Also, in
patients with cardiac failure of functional class
II/1II a lower bone mass, adjusted for age and sex,
was found, compared to the control group®. Farhat
et al.” observed that the volumetric BMD in the
lumbar spinal column was decreased in individu-
als with cardiovascular disease, the effect being
independent of age or of levels of inflammatory
cytokines, IL-1 and IL-6. This aspect has not been
analysed in the Spanish population. The objective
of this study is to assess the prevalence of osteo-
porosis in patients with acute coronary syndrome
in our environment.

Material and methods
A case-controlled transversal study was carried out
in the western health area of Valladolid. During
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the period 2001-2003 163 patients were analysed,
83 hospitalised by acute myocardial infarction and
unstable angina, and 80 controls. Criteria for
exclusion were the presence of alcoholism, neo-
plasia, hyper- or hypocalcemia and receipt of drug
treatments which modify bone metabolism. In
addition, in order to gather anthropometric data,
densitometry was carried out on all patients in the
four weeks prior to their inclusion. The control
group was made up of individuals of the same age
and sex without ischaemic cardiopathy. The den-
sitometry was carried out in the lumbar spinal col-
umn (L2-14) and femoral neck using a double
photon densitometer (DXA, Lunar Corporation,
Madison, Wisconsin, USA). The BMD (Bone
Mineral Density) was expressed in g/m?* and deter-
mined the T-score, according to the reference val-
ues provided by the manufacturer of the densito-
meter. Patients with a T-score < -2.5 were consid-
ered to be osteoporotic.

The results are expressed as an average * stan-
dard deviation. The comparison of averages was
carried out through a student’s t test and the qual-
itative variables were compared using a chi-square
test. The correlation between variables was found
using Pearson’s r. The statistical programme used
was SPSS (SPSS, Chicago, Ill; Base 11.4 for
Windows).

Results
163 patients were studied, of which 83 had acute
coronary syndrome and 80 were controls. The
average age of the patients (61 + 10 years) was
less than that of the controls (64 + 8 years) with
those individuals with acute coronary syndrome
being predominantly males. The characteristics of
the cases and the controls are seen in Table 1.
There were no differences in the bone mineral
density in the lumbar spinal column (1.136 + 0.22
g/cm? vs 1.122 + 0.16 g/cm? p= 0.457) and
femoral neck (0.920 + 0.15 g/cm?® vs 0.933 + 0.12
g/cm? p= 0.882). 31% of those patients with acute
coronary syndrome were osteoporotic as against
14% in the control group, the difference being sta-
tistically significant, p= 0.017. In analysing by sex,
in the women the difference remained significant
(48% vs 17%, p= 0.007) while in the men it did not
(21% vs 7%, p= 0.183) (Figures 1 and 2). There
were 15 women with osteoporosis in the patients
with acute coronary syndrome as opposed to 9
women in the control group. In the men, 11
patients presented with osteoporosis as opposed
to 2 in the control group.

Discussion

The results of our study show that the patients
with acute coronary syndrome had a greater
prevalence of osteoporosis than in the control
population, although only in the group of women
is this statistically significant. Our results show
some differences in relation to NHANES III. This
study found a lower bone mass in the population
with myocardial infarction and specifically in men.
In our study we did not find differences in bone
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mass, although there were differ-

Table 1. Characteristics of the case-controls

ences in the prevalence of osteo-
porosis, specifically in women. Our

female patients were all post-
menopausal, for which reason they

probably had common factors
which acted on both diseases.

These could be genetic, vascular
risk factors which exert a prejudi-

cial effect on bone mass or phys-
iopathological mechanisms shared

Cases Controls
Age in years 61 £ 10 64 £ 8| 0.044
Sex 31M, 52V 52M, 28V
BDM L2-14 g/cm? 1.136 + 0.22 1.122 + 0.16 0.457
Femoral neck g/cm? 0.920 + 0.15 0.933 + 0.12 | 0.882

by both entities.

Genetic factors play an impor-
tant role in osteoporosis. Studies of
twins and families have estimated that between
50% and 85% of bone mass is genetically deter-
mined"”. Ateriothrombotic cardiovascular diseases
are multifactorial diseases with a significant genet-
ic component. In both diseases the number of
genes which are involved is large, with a small
contribution from each of them.

The metabolic pathway Wnt-LPR is key to the
formation of bone". Recently, a missense mutation
in LPRO, which codes for a co-receptor, has been
described in an Tranian family. Cysteine is substi-
tuted by arginine thus damaging the messaging of
Wnt in vitro. These patients carry a major risk of
coronary disease, of low bone mass and of osteo-
porotic fracture, suggesting that both diseased
could be pleiotropic consequences of an alteration
in the Wnt metabolic pathway.

The RANK/OPG system is the principal regula-
tory mechanism for bone resorption, polymor-
phisms which regulate osteoprotegerine (OPG)
having been implicated in both processes®.
Polymorphisms within the promoter of the OPG
gene (A163G and T245G) are detected most fre-
quently in patients with vertebral fracture' while
other polymorphisms located in the promoter
T950C and in exon 1, G1181C, are associated with
a high risk of ischaemic cardiopathy, especially
the combination of both polymorphisms®.

Polymorphism in the codon 986 (A986S) of the
calcium-sensing receptor (CASR) has been associ-
ated with elevated levels of calcium and an
increase in the prevalence of osteoporosis'®'’. The
same polymorphism can be a predictor for
ischaemic cardiopathy, myocardial infarction and
cardiovascular mortality". However, the relation-
ship with osteoporosis appears only in the popu-
lation of young people, but not in post-
menopausal women, nor in people with hyperten-
sion®, The klotho gene is associated with age-
related loss of bone mass both in postmenopausal
women and in men?. In the Japanese population
it has been observed that the allele A of the poly-
morphism G396A was more frequent in patients
with ischaemic cardiopathy than in a control
group, with an OR of 1.82 (p= 0.004)*.

All these data indicate a possible role for
genetic mechanisms in the association between
osteoporosis and cardiopathy, although the contri-
bution of each one of these polymorphisms might
be small.

There are vascular risk factors which determine
a high incidence of cardiovascular disease. These
elements can have an influence on bone metabo-
lism, reducing bone mass, facilitating the appear-
ance of osteoporosis.

Tobacco is a risk factor for atherosclerosis. Its
effects on bone metabolism have been little stud-
ied. In women it acts at the level of oestrogens,
diminishing their levels and causing the loss of
their protector role. In addition it produces a
decrease in the blood levels of 25-hydoxivitamin
D which is not accompanied by raised levels of
paratohormone (PTH)*. These changes can pro-
voke a decrease in BMD, which has been
described predominantly in the lumbar region, of
a dose-dependent form, although not all studies
are in agreement on this.

The relationship between osteoporosis and
hypertension is not clearly established, although
numerous changes in the metabolism of calcium
in patients with hypertension, which can cause a
decrease in bone mass, have been described.
Among these changes are included a decrease in
ionic calcium, and an increase in calcuria and of
urinary AMPc, raised levels of PTH and calcitriol
and an increase in the intestinal absorption of cal-
cium*. Of these only hypercalcuria has been asso-
ciated with a decrease in bone mass. Most of the
studies did not find a relationship between levels
of arterial tension and bone mineral density*. In
our population we found similar results, there
being no greater risk of osteoporosis in the popu-
lation with hypertension®. However, in a retro-
spective study which included 998 patients with
hip fracture the presence of hypertension did
increase the risk of fracture (1.49 OR, 95 % CI 1.3-
1.8)~.

Homocysteine is one of the new markers for
vascular risk which is associated with an increased
risk of osteoporotic fracture. Prospective studies
carried out in European and American populations
show that raised levels of homocysteine are asso-
ciated with a greater risk of fracture?*. However,
not all studies obtain these results and those in
which there has been an intervention to reduce
blood levels of homocysteine have not seen a
reduction in the number of fractures®.

There are not many studies which relate plas-
matic lipids, a substitute marker for atherosclero-
sis, with bone mineral density and/or osteoporot-



Figure 1. Women with osteoporosis
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Figure 2. Men with osteoporosis
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ic fracture. Broulik et al.** showed that osteo-
porotic women had higher levels of cholesterol
than the controls. Yamaguchi et al.*' found that
LDL cholesterol was negatively related to BMD
while HDL cholesterol was positively related. Tt
was observed that those patients with low bone
mass had higher concentrations of plasmatic
lipids with a greater severity of vascular disease.
In asian population similar data have been
obtained®. Other studies have brought different
results. The Framingham Osteoporosis Study did
not show an association between cholesterol lev-
els and the later appearance of osteoporosis®. Nor
did Tanko et al** find such a relationship in a
study carried out in 340 postmenopausal women
under 76 years of age. On the other hand, the
influence of plasmatic lipids on peripheral bone
mineral density in the diabetic population has not
been demonstrated?®.

Similarly to that which happens with genetic
factors, vascular risk factors can contribute to an
increase in bone mass which appears in acute
ischaemic cardiopathy, although not all studies are
consistent on this. Recently there has been an
attempt to evaluate the effect of a number of these
factors, grouped as metabolic syndrome, on bone
mass and osteoporotic fractures. The presence of
metabolic syndrome is associated with higher
bone mass but a greater risk of fractures®.

Inflammation plays a central role in the
appearance of atherosclerosis and its later devel-
opment. Cells of the immune system are found in
the initial phases of arteriosclerotic lesions, athero-
ma, and accelerate their later progression. The T
lymphocytes are always present in the atheroscle-
rotic lesions, predominantly the CD4 lymphocytes.
These are capable of recognising antigens and dif-
ferentiating (themselves from) type 1 helper cells
(THD. In their turn, the cytokines released by
macrophages facilitate differentiation towards

these cells. The TH1 cells go on to release specif-
ic cytokines, y-interferon, interleukin-1 and
tumour necrosis factor-alpha?. In osteoporosis the
activity of the osteoclasts can be modulated by the
action of gamma interferon (INF-y) acting on
necrosis factor-receptor-associated factor 6 (TRAF-
6)*. The same mechanisms which intervene in the
stimulation of bone resorption and facilitate the
decrease in bone mineral density also facilitate the
progression of the atheromatous plaques.

The most frequently occurring osteoporosis is
postmenopausal osteoporosis which is initiated by
a fall in oestrogens. Their reduction then provokes
a disequilibrium in the TH1/TH2 relationship with
the predominance of TH1, in a similar way as that
described in atherosclerosis®. This is produced by
an increase in local levels of IL-7 which then pro-
voke an increase in concentrations of inflammato-
ry cytokines, of RANKL and a decrease in TGF-p.
This cytokine exerts a beneficial effect on the
bone since it produces an increase in osteoblast
activity and a decrease in their apoptosis®*. There
are numerous similarities in the local mechanisms,
of an inflammatory nature, which intervene in
osteoporosis and in atherosclerosis. These mecha-
nisms were evaluated by Farhat et al.’ in a broad
study of patients with cardiovascular disease in
which the effect of inflammatory cytokines (IL-6
and TNF-a) on bone mineral density were
assessed. The patients presented higher levels of
cytokines than the controls, but this bore no rela-
tionship to bone mineral density measured in a
number of places. It should be taken into account
that systemic levels of cytokines may not reflect
that which occurs locally.

In conclusion, we can say that patients with
acute coronary syndrome constitute a risk popula-
tion for the appearance of osteoporosis, there
being mechanisms which help us to explain this
association.
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Summary

We calculate specific triage thresholds for the PIXI-LUNAR heel densitometer to give a 90% specificity for
osteoporosis and normal bone mineral density (BMD) at the hip or spine.

693 women aged 30-93 years (mean age 58.2 + 9.6 years) referred for osteoporosis study, underwent hip
and spine BMD measurements (HOLOGIC) by dual energy X-ray absortiometry (DXA), also had a periph-
eral heel DXA densitometry (PIXI-LUNAR). The os calcis T-scores for all woman were subjected to a
receiver operator characteristic (ROC) analysis with the definition of osteoporosis (T-score < -2.5) and
BMD normal (T-score > -1) made at the the lumbar spine or femoral neck.

Patients with a heel T-score of above +0.6 are very likely to have normal bone density on axial densito-
metry, whilst patients with heel T-score of below -1.3 are very likely to have osteoporosis at the hip or
spine. Only patients whose measurements lie between the thresholds should be referred for axial DXA.

Key words: Bone mineral density, Osteoporosis, Peripheral x-ray absorptiometry.

Project financed by the Generalitat Valenciana - Conselleria de Sanitat - DOGV 5337 - 1.09.2007 - Resolution 20 10 2007



Introduction

The prevalence of osteoporosis in white women
over 50 years of age is high. In fact the risk of suf-
fering an osteoporotic fracture of the hip, the
spinal column or wrist over the course of their
lives is 40%*. These facts make osteoporosis a real
health problem. Bone mineral density (BMD) is
the best prognostic factor of risk of osteoporotic
fracture, for which reason densitometry is the fun-
damental technique for the diagnosis of osteo-
porosis before fractures appear.

Various techniques are available to measure
BMD such as computerised tomography and ultra-
sound, but that most used currently is dual ener-
gy X-ray absorptiometry (DXA). The measurement
of BMD through a DXA apparatus at the central
level (hip and spinal column) is considered as a
gold standard for the diagnosis of osteoporosis.
The OMS developed some diagnostic criteria
based on the lowest of the densitometric results
carried out on the hip and spinal column. The
measurement of BMD in the peripheral skeleton is
related to an added risk of fracture at whatever
level’. Peripheral densitometers have the advan-
tage of being of a lower cost to purchase, of
needing less space for their installation, the tests
of measurement are carried out with greater rapid-
ity, and, due to their small size and weight, they
are easy to transport. It has been observed that the
cut-off points for the diagnosis of osteoporosis
with axial densitometers are not the same as for
peripheral densitometers*®. The NOS (National
Osteoporosis Society) recommends that peripher-
al densitometers are use as a screening tool with
two cut-off points which identify those patients
with spinal and/or hip osteoporosis, with a sensi-
tivity and specificity of 90%’. In such a way the
patients with peripheral BMD with a T-score
below the lower cut-off point would have a high
possibility of having osteoporosis in the hip or
spine, and those having a T-score above the high-
er cut-off point would seldom have osteoporosis
in the spine or hip. However, the cut-off points are
different for the different peripheral densitome-
ters®. It is not known if the cut-off points can
change according to the population studied or
whether it is dependent on the model of central
densitometer with which it is compared.

The objective of this work is to find a diagnos-
tic algorithm for postmenopausal osteoporosis in
our population, combining a DXA peripheral den-
sitometer of the calcaneum (PIXI-LUNAR) and a
HOLOGIC central densitometer.

Material and methods

Central (of hip and spine) and peripheral (calca-
neum) densitometries were carried out consecu-
tively in 693 women referred to the theumatology
clinic for a study of postmenopausal osteoporosis.
The study was approved by the scientific commit-
tee of our hospital. The central bone mineral den-
sity was measured with a Hologic Exploer™
Explorer® Series densitometer in the left femur and
in the lumbar vertebra — L1 to L4. The bone min-
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eral density in the calcaneum was measured in the
left foot with a PIXI-Lunar densitometer. It was
considered that a patient had osteoporosis if the
T-score in the whole hip or in the lumbar region
(L1-L4) was < -2.5. A patient was classified as hav-
ing normal BDM if the T-score was > 0 both in the
hip and in the lumbar region. Using the statistical
package SPSS 15.1 the sensitivity and specificity
for the different T-scores, obtained through the
peripheral densitometer, were calculated for the
diagnosis of osteoporosis or normality by means
of a ROC (receiver operator characteristic) curve,
as were the Pearson correlation coefficient
between the peripheral T-scores and those
obtained in the hip and lumbar vertebrae. With
this data the optimum cut-off points for screening
were chosen. These points would have to comply
at least with the recommendations of the NOS™#,
which is to say a specificity and a sensitivity for
the diagnosis of osteoporosis of 90%, with an
interval of confidence which does not surpass the
lower limit of 80%. In our diagnostic algorithm we
consider it important to detect densitometries clas-
sified as normal, therefore for the upper cut-off
point we would consider the T-score which would
have a specificity of 90% to classify a patient with
a normal central densitometry. In addition, the
positive and negative predictive value of the cut-
off points obtained for osteoporosis in our popu-
lation would be calculated.

Results

The women studied had an average age + stan-
dard deviation (SD) of 58.19 + 9.61 years (30 and
93 years). The average height of the population
studied was 155.8 + 6.2 cm, the average weight
64.5 + 10.7 kg and the BMI 26.9 + 4.5 kg/m? (Table
1). The Pearson correlation coefficient was 0.616
between the T-scores obtained in the calcaneum
and the whole hip, and 0.535 obtained with the
lumbar vertebrae. According to the results of the
axial densitometer (DXA) 29% of the women were
osteoporotic, 47% osteopenic and 27% had normal
levels of bone mass. By means of the ROC curve
the sensitivity and specificity of the T-score
obtained with the peripheral densitometer was
calculated, to establish the diagnosis of osteoporo-
sis and normality (Table 2). If a T-score of -2.5 SD
is used in the peripheral densitometry for the diag-
nosis of osteoporosis the specificity is high, but
the sensitivity is only 8%, which means that only
3% of densitometries will avoid being carried out.
The specificity continues to be higher than 90% up
to a cut-off point of T-score -1.3 SD, from which
point the loss of specificity is significant (Figure
1A and Table 2). With this screening point only 4%
of patients with normal axial densitometry would
be classified as osteoporotic. Following the same
criteria a T-score, using the PIXI, equal to or high-
er than 0.6 has a specificity of 90% to identify the
normal central densitometries, and a sensibility of
97% to detect osteoporosis (Figure 1B and Table
2). With an algorithm based on the aforemen-
tioned cut-off points the positive predictive values
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Table 1. Demographic characteristics of the different populations in which have been studied the cut-off
points for different models of peripheral densitometers

Peripheral Centre n Age Height Weight BMI
densitometer (years) (cm) (kg) (kg/m?)
aeometer London 393 62.6 (4.6) | 160864 | 66.2(11.6) | 256 (45
Schick
AccUDEXA London 300 62.3 (4.7) 161.4 (6.5) 66.9 (12.5) 25.7 (4.9)
CF punar Middlesbrough 213 628 (48) | 1581(6.6) | 641121 | 25643
Alara Hull 170 62.6 (4.5) 159.4 (6.5) 64.4 (10.8) 253 (3.9
MetriScan ' ' ’ ’ ' ’ ' '
Demetech
Calscan Hull 140 62.2 (4.3) 159.3 (6.1) 65.1 (12) 25.7 (4.4)
punar Valencia 693 57.9 (9) 1558 (6.2) | 654107 | 269 (4.5

Table 2. Sensitivity and sensibility of the PIXI of the calcaneum in establishing the diagnosis or osteoporosis
or normality

T score PIXI Osteoporosis Normal
Sensitivity Specificity Sensitivity Specificity
-2.5 8% £ 2% 99% =+ 0.3% 100% 4% + 2%
-1.6 36% + 4% 95% + 2% 99% + 0.3% 20% £ 3%
-1.3 55% * 4% 90% + 2.5% 96% * 2% 30% + 4%
-1.0 66% * 4% 82% + 3% 94% + 2% 40% + 4%
-0.6 80% * 3% 66% * 4% 82% + 3% 58% + 4%
-0.2 90% + 2% 51% + 4% 68% + 4% 70% £ 4%
0 94% + 2% 45% =+ 4% 63% * 4% 706% + 3%
0.2 95% + 2% 38% + 4% 74% + 3.3% 81% + 3%
0.6 97% = 1.5% 25% + 3.2% 45% £ 4% 90% + 2%
1 97.5% + 1% 16% * 3% 30% * 4% 94% + 2%
Table 3. Cut-off points of different models of peripheral densitometers
Peripheral Place of Higher Lower Axial % referred
densitometer | measurement T-score T-score Densitometer | for axial BMD
eometer Forearm | 1.4 (0.9 a -1.6)| -2.6 (-25 a -3) Hologic 39% (34-449%)
SAChiCk Hand 0.1(09a-02 | -1.6(-1.4a-2) Hologic 44% (38-50%)
ccuDEXA
GE Lunar PIXI Heel -0.4 (0.2 2-0.0) | -2.0 (-1.6 a -2.6) Lunar 49% (42-56%)
Alara MetriScan Hand 06 01a-1.D| -24(-21a-27) Lunar 48% (40-56%)
Demetech DXL Heel 1.4-09a-1.6) [ 27 (-25a -3.55) Lunar 50% (41-59%)
-0.2 13 37 %
%&?lirriigl Heel (_0'102.16_06) (-1.1a-1.4) Hologic (335_7402%)
(0.8 a 0.45)* (53-61%)*

* 90% of specificity to detect normal bone mineral density




for the diagnosis of osteoporosis and normality
would be 80% and 78% respectively in our popu-
lation. The negative predictive value for the diag-
nosis of osteoporosis is 98% and for the diagnosis
of normality, 98%. With this 43% + 4% of central
densitometries would be avoided. If we consider
the recommendations of the NOS the cut-off point
would be a T-score of -0.2 and less than -1.3
(Tables 2 and 3).

Discussion

The scarcity of axial densitometers has led to the
use of peripheral densitometers in clinical practice,
above all in the area of primary care. However, the
clinical trials which have demonstrated the efficacy
of different drugs in the treatment of osteoporosis,
have been based on the selection of patients with
low bone mineral density measured in the spine or
hip. For this reason it is important to analyse the
use of peripheral densitometers in the diagnosis of
osteoporosis. The NOS® (Table 3) evaluated differ-
ent models of peripheral densitometers and calcu-
lated the T-score cut-off points with which a sensi-
bility and specificity of 90% for the diagnosis of
osteoporosis with an axial densitometer would be
obtained (Table 3). For each model two cut-off
points were established, a T-score below which
90% of patients with osteoporosis centrally are clas-
sified and another T-score above which are found
all those patients without densitometric osteoporo-
sis, that is to say, with a T-score above -2.5 with the
central densitometer. Central densitometries would
only be carried out in those cases situated between
the two cut-off points. The results of this work
show that each model of peripheral densitometer
had different cut-off points and, indeed, that they
vary with age. Subsequently other authors have
published results with other models of peripheral
densitometers following the same methodology.
McCauley et al.’ determined the screening points of
the Apollo Normand calcaneum densitometer with
respect to a central lunar DPX-IQ densitometer. The
T-score values were 9-1, 2 and -2.2.

Our results show different cut-off points with
respect to a similar densitometer (PIXI-Lunar)
analysed in the work of the NOS® (Table 3), above
all in the lower cut-off point, which in our case
was situated at -1.3 as opposed to at -2 obtained
in the work of the NOS. There are various differ-
ences between the two works which could
explain the discrepancies found. The women in
our study had an average age of 58 + 9 years
(Table 1), slightly lower than the average of 62
years for the Pixi-Lunar group analysed in the
NOS work. In their work they confirmed that in
increasing the age of the population the cut-off
points tend to result in a lower T-score®. On the
other hand the central densitometers were differ-
ent, a HOLOGIC in our work and a Lunar in the
NOS study. Forham et al.’, using a methodology
similar to ours by means of ROC curves arrive at a
cut-off point for detecting osteoporosis identical to
ours, which is to say a T-score of -1.3 with a sen-
sitivity of 69.6% for detecting osteoporosis and a
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specificity of 82.6%. They did not research the
higher cut-off point. Pérez-Castrillon et al.’ in a
Spanish population arrived at the conclusion that
the best cut-off point for the diagnosis of osteo-
porosis with a PIXI-LUNAR densitometer of the
calcaneum is a T-score of -1.6 SD, even though
their results are based on 58 patients on whom
they carried out central and peripheral densitome-
try. The discrepancies which are observed
between the different studies, in addition to being
explained by the differences in models of periph-
eral and central densitometers used in each work,
could relate to other variables such as age, num-
ber of patients included or prevalence of osteo-
porosis in the population studied™. For this reason
screening points for different age ranges for each
population where the peripheral densitometer
might be used should be calculated.

On the other hand we preferred to change the
criteria for determining the upper cut-off point
with respect to that used by the NOS’. The risk of
fracture is not a dichotomous variable, rather, it is
continuous and the current trend is to calculate
the absolute risk of fracture, with densitometry
being an additional test, such as it is evaluated in
the FRAX index". With the algorithm proposed by
the NOS™ the cut-off point with a T-score of -0.2
in our peripheral densitometer has a specificity for
normality of 70%, which is to say 30% of patients
with osteopenia or osteoporosis are classified as
non-osteoporotic, a fact which may restore credi-
bility to the test among doctors and patients. In
addition, a high percentage of fractures are pro-
duced in osteopenic patients and it is important to
have this group of patients well classified. With
our cut-off point at a T-score of + 0.6, less than
10% of those patients with reduced BMD are clas-
sified as normal.

The National Osteoporosis Foundation® rec-
ommends treating those patients with osteoporo-
sis diagnosed by central densitometry, and uses
the risk of fracture calculated through the FRAX
index to select those patients with osteopenia who
are given treatment. Our algorithm is adapted to
this scheme because it serves to detect with high
sensitivity and specificity the patients with central
osteoporosis by means of peripheral densitometry,
while the majority of those who have osteopenia
are evaluated through central densitometry.

A limitation in our study, equal to that of most
studies published to date, is that the bone miner-
al density in the femoral neck has not been eval-
uated, nor that in the whole hip, and we do not
know in which way this may modify the results.

The International Society for Clinical
Densitometry (ISCD) recommends that the use of
peripheral densitometry is limited to those cases in
which access to central densitometry is lacking®.
There are practically no studies on its utility in male
osteoporosis and it is not valid to evaluate the effi-
cacy of the treatment®. This fact contrasts with its
wide use, for which reason the NOS” and the ISCD®
have diffused the methodology to be applied, to
ensure its trustworthiness as a screening tool in the
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Figure 1A. ROC curve for the diagnosis of osteopo-
rosis. Sensitivity (% of patients with osteoporosis
detected by the PIXD as against 1 — specificity (1- %
of patients without osteoporosis classified as such).
Area under the curve 0.816 (0.782-0.850)

Figure 1B. ROC curve for the diagnosis of normal
bone mineral density. Sensitivity (% of normal
patients detected as such by the PIXD), 1- specificity
(1- % of patients with osteopenia/osteoporosis
detected as such by the PIXI). Area under the curve
0.773 (0.735-0.81D)
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diagnosis of osteoporisis, and it is in this context in
which our study should be placed.

In conclusion, in our population of post-
menopausal patients referred for the study of osteo-
porosis, a diagnostic algorithm of BMD based on
two densitometers, one peripheral — PIXI-LUNAR,
and the other central — HOLOGIC, enables 43%
fewer central densitometries to be carried out.
Those patients with a T-score with the peripheral
densitometer between -1.3 SD and +0.6 SD are
referred. The sensitivity of the algorithm for the
detection of densitometric osteoporosis is 97% and
of normality, 96%. With a specificity for both of 90%.
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Summary

Purpose: To review and update the available literature of vertebroplastia: a procedure for treating painful
compression fractures of the thoracic and lumbar spine that don’t have responded to a conservative treat-
ment.

Material and methods: A review of the literature was performed about the procedure, indications, com-
plications and results based on PubMed and academic Google using the following keywords: vertebro-
plasty, compression vertebral fractures, polimetilmetacrilato, PMMA and osteoporosis.

Results: Description of the procedure, indications and complications. Several studies with few number of
patients have indicated a high rate of successes an a low rate of complications. Recently, two double
blind, randomized clinical trials have been published, comparing vertebroplasty with a simulation of it.
The results of these studies don’t support the realization of vertebroplasty for the treatment of pain in
osteoporotic compression fractures.

Conclusions: The clinical results of vertebroplasty were promising. Recently, the publication of two ran-
domized clinical trials with greater evidence than previous ones, contradicts it.

Several questions without answer arise: Can this procedure be effective in a subgroup of patients? Could
be effective in medium-long term? Are there other options to treat patients that don’t respond to conven-
tional treatment?

Key words: Vertebroplasty, Vertebral compression fractures, Polimetilmetacrilato, PMMA and Osteoporosis.
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Introduction

Osteoporosis has been called the silent epidemic
of the 21st century. Fractures represent its most
frequent complication. They can happen in any
part of the body. Those of greater importance due
to their consequences, costs and degree of inca-
pacity are the vertebral, proximal femoral and dis-
tal radial. All add to the index of morbimortality,
always produce a degree of incapacity and, in
some case, increase mortality.

The prevalence of this disease means that
approximately 40% of white women over 50 years
of age and 13% of men, will suffer some osteo-
porotic fractures during their lives.

The vertebrae are the most common location.
Thus, the EVOS study (European Vertebral
Osteoporosis  Study, a multi-centred European
study), stated that in the European population
over 50 years of age, one in five women and one
in eight men had a vertebral fracture'. Similar
results have been obtained in various epidemio-
logical studies in different areas of Spain.

Around 60% of vertebral fractures (VF) are asymp-
tomatic, for which reason the epidemiology is not
known precisely. However, the EVOS study revealed
that the incidence of VF is four times greater than
fracture of the hip. It is estimated that in the year 2000
9 million osteoporotic fractures occurred in the
world, of which 1.4 million were clinical VE. 34.8% of
total fractures occurred in Europe, where the preva-
lence of VF is 12% at 60 years, and 25% in women
and 17% in men at 75 years®.

The prevalence of morphometric VF in the
Spanish population over 50 varies between 15%
and 27% in women?®*. One in four patients with VF
will suffer a second VF during the following two
years and 26% will suffer a non-vertebral fracture
in the following year.

Various studies have shown that osteoporotic
vertebral compression fractures represent an
important cause of morbidity in patients affected
by osteoporosis. It is estimated that in the United
States some 700000 patients a year suffer from it,
and it is expected that this incidence will increase
in parallel with the increasing age of the popula-
tion. It represents a significant economic cost of
nearly 700 million dollars a year®.

Even though, as has already been said, around
60% of vertebral fractures can be asymptomatic, it
is also certain that one of the fundamental conse-
quences of these fractures is pain, which can be
intense, with disabling functional incapacity,
which can be controlled with difficulty through
non-invasive treatments (conventional analgesics,
rest, physiotherapy...).

Since 1987, vertebroplasty (VP) has been
developed as a reliable and minimally invasive
alternative therapy.

Vertebroplasty is a minimally invasive tech-
nique which consists of an injection of a material
(polymethylmethacrylate, calcium triphosphate, or
other) into the body of a vertebra, with the aim of
reducing the pain and augmenting its mechanical
resistance.

The mechanism of its analgesic action is not
clear. There are various hypotheses, notable
among which is that the restoration of the
mechanical integrity of the vertebra could mean a
reduction in “micromovements” across the treated
section, or that it is the result of local heat, chem-
ical or vascular effects of the cement on the free
nerve endings.

The substance most commonly used is poly-
methylmethacrylate (PMMA), a synthetic polymer
used for the cementation of bone prostheses’.

Procedure and technique

The procedure is carried out by puncturing the
affected vertebral body, controlled fluoroscopi-
cally or by means of CAT (Computerised Axial
Tomography), or both at the same time. There
are four access routes to the vertebral bodies:
anterolateral (for the cervical vertebrae), para-
pendicular, lateral (for the lumbar vertebrae only)
and transpedicular. The last route is that most
used.

The procedure is generally carried out with
local anaesthetic and sedation, but epidural
anaesthesia, rachianaesthesia or (very occasional-
ly) general anaesthesia can be used. In VP the ver-
tebral body is punctured using needles, through
one of the aforementioned access routes, guided
by means of digital fluoroscopy or CAT.
Sometimes one can take advantage of the tech-
nique to carry out a biopsy if the aetiology of the
vertebral fracture is not clear. When the needle
reaches the third vertebral anterior, the cement
mixture is injected under fluoroscopic control
strictly to the posterior extension of the cement
with the help of a mechanical injector® (Figure 1).
There are various injecting devices on the market
which, usually, mix the cement internally and con-
nect direct to the needle (Figure 2).

The technique usually takes half an hour for
each vertebra; it is not recommended that more
than three vertebra are consolidated in a single
session. The indications and contraindications of
this technique are listed in Tables 1 and 2.

Results
There are various studies with a limited number of
patients which, in general, demonstrate a high rate
of success and a low rate of complications’.
However, a systemic review published in 2006
to assess the efficacy and safety of the technique
in osteoporotic vertebral fractures which included
1136 interventions in 793 patients, concluded that
an evaluation of the efficacy of percutaneous ver-
tebroplasty, would require clinical trials with long-
term follow up. The level of pain measured using
the VAS (Visual Analogue Scale) with a score of 0
to 10 improved significantly, from 7.8 to 3.1
(60.3%) immediately after the vertebroplasty. The
short-term complications varied between 0.4% and
75.6%. The most frequent was the leak of cement
out of the vertebral body (from 3.3% to 75.6%).
Even though the majority were asymptomatic, in
2.4% they were devastating.



After the systematic review, the authors con-
cluded that there was insufficient data to ensure
efficacy. The procedure has a low rate of compli-
cations but those can be very severe. Of the 15
studies reviewed, 11 were prospective, 3 retro-
spective and only one a clinical trial®.

Another recently published study compares the
effects of optimum conventional treatment for
pain against vertebroplasty in patients with verte-
bral compression fractures'. It consists of a
prospective study, randomised, which evaluated
the patients on day one and two weeks after,
using the quality of life scale (QUALEFFO) and
incapacity questionnaire (Roland-Morris Disability
(RMD)). The study included 18 patients treated
with vertebroplasty and 16 patients treated con-
ventionally. Those patients in whom vertebroplas-
ty had been carried out had an improvement in
pain, mobility and functionality significantly better
than those receiving conservative treatment.

Now in progress is the clinical trial VERTOS
11, which intends to estimate the cost-effective-
ness of vertebroplasty compared to conservative
therapy in terms of the reduction in pain, quality
of life, complications, secondary fractures and
mortality. It consists of a multi-centric study,
which intends to recruit 100 patients in each
group, following up for 12 months. It is hoped
that this study will greatly clarify current questions
with respect to vertebroplasty.

The departments of radiology of the Mayo
Clinic College of Medicine and the Baylo
University Medical Center carried out a retrospec-
tive review of the first 1000 patients on whom they
have carried out percutaneous vertebroplasty
(independently of the underlying cause for which
it was indicated), with the objective of putting
together a prospective database.

Different variables were collected, including
studies of images and of clinical visits, and they car-
ried out telephone interviews with each patient.
The study evaluated pain, on a subjective and visu-
al scale, changes in mobility, the use of analgesic
medication, and used incapacity questionnaires
(Roland Morris Questionnaire). They found a dra-
matic improvement in all the parameters evaluated
after vertebroplasty. The improvement in pain,
mobility, use of analgesics and Roland-Morris score
were evident immediately after vertebroplasty and
remained for two years after follow up. There was
a low level of complications after the procedure.
The most frequent was rib fracture. In accord with
these results, they conclude that professionals, in
recommending this treatment for pain due to com-
pression fracture, can inform patients that it is a
technique with a high rate of success and a low rate
of complications®.

In spite of these studies suggesting a positive
effect of treatment with vertebroplasty, compared
with other conservative treatments, there are no
randomised double blind clinical trials published.

Very recently the first two randomised double
blind clinical trials have been published compar-
ing vertebroplasty carried out with the injection of
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Figure 1. Percutaneous vertebroplasty in the
management of pain in vertebral compression
fractures (De Asenjo JF, Brecha KM.)

Figure 2. Injection and cementation devices

polymethylmethacrylate, with control patients on
whom the procedure was carried out, but without
the injection of this material.

The INVEST study of Kallmes et al.") included
131 patients (vertebroplasty in 68 and simulation
of vertebroplasty in 63). The results regarding pain
and functional capacity after one month were sim-
ilar in the treated and control groups, with a ten-
dency towards an improvement in pain in the ver-
tebroplasty group, although not significant. In
both groups improvement was observed 3 days
after the procedure, but were similar at 3 months.
The authors concluded that the improvement in
the pain and functional capacity associated with
osteoporotic compression fractures in patients
treated with vertebroplasty were similar to that in
the control group. Another trial, Buchbinder et
al.”) included 71 patients (carrying out vertebro-
plasty in 35 and a simulation in 36). The results
with regard to pain, quality of life and functional
capacity after a week, and at I, 3 and 6 months,
are similar in both groups. As before, the pain
improved in both groups of patients.

These two trials had some limitations, funda-
mentally that they did not take into account other
medical treatments which were taken and which
could have affected the results.
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Table 1. Indications for vertebroplasty

Table 2. Contraindications

- Osteoporotic vertebral fractures with moderate
to severe pain which does not respond to a nor-
mal analgesic treatment

- Painful vertebral metastasis

- Multiple myeloma with fractures in the vertebral
body

- Painful haemangiomas of the vertebral body

- Painful osteonecrosis in the vertebral body

- Reinforcement of pathological vertebral body
before stabilising surgery

1. Absolute:

a. Asymptomatic vertebral fractures

b. Improvement with conservative therapy

¢. Local or systemic infection

d. Non-correctable coagulopathy

e. Myelopathy by intracanal bone fragment
which comprises medulla

f. Allergy to the cement or to the contrast
contained in the cement

2. Relative:

a. Fracture of the posterior wall of the
vertebral body

b. Tumour which invades the epidural space
without causing neurological symptoms

¢. Compression fracture with diminution of
vertebral height 0 or of > 75-80%

d. Fractures older than one year

These findings question the indication of verte-
broplasty for the treatment of patients with recent
osteoporotic vertebral fractures.

Complications

The rate of complications described in the litera-
ture in the case of vertebroplasty in osteoporotic
fractures, is low, between 1 and 3%. The most fre-
quent is the leak of cement from the vertebra, the
majority of times without clinical repercussions.
On occasions severe complications have been
described, such as infection, neurological failure
after the leak of cement into the medullar canal®,
pulmonary embolism and pneumothorax, all with
a very low frequency".

Occasionally hypertension and arrhythmia
have been described, ascribed to the polymerisa-
tion of polymethylmethacrylate, for which reason
cardiovascular monitoring is necessary continually
during the procedure.

In the recently published clinical trials the rate
of complications does not differ from those
described previously.

Conclusions

Different series of published studies endorsed this
technique as efficacious and safe, with a level of
scientific evidence grade III.

Despite the fact that the clinical results of ver-
tebroplasty were promising, the recent publication
of two randomised clinical trials, with a higher
grade of evidence than those published earlier,
contradicts them.

The huge incidence of osteoporotic vertebral
fractures which cause pain and significant incapac-
ity in patients is an evident fact in numerous stud-
ies. The management of pain is a problem in daily
clinical practice. We had confidence in the effec-
tiveness and the very low rate of complications in
this technique. After the publication of these clini-
cal trials, questions are emerging which need to be

answered: could the placebo effect of the simulat-
ed vertebroplasty through puncture and/or the
effect of local anaesthetic be responsible for the
similar results in both groups? And what of the
superiority of the intervention, be it with cementa-
tion or simulated, over the conservative treatment?
Could this technique be effective in a sub-group of
patients as Kallmes et al. suggest? If this were the
case, in which sub-group of patients? We have evi-
dence of its lack of effectiveness in the short-to-
medium-term, but in the long-term? In the face of
the morbidity and incapacity which frequently pro-
duces secondary pain in these fractures, what other
therapeutic alternatives do we have left for patients
who don’t respond to conventional treatment?

It is now even more important, if possible, to
continue and/or carry out clinical trials which
bring us answers to these questions.

And in the meantime? It becomes even more
important to create a specialised and multidiscipli-
nary approach around the management of pain.
Likewise, adequate information and communica-
tion between the doctor and patient to evaluate
the therapeutic options available, the current state
of knowledge around this invasive technique and
the possible risks and benefits, will permit the
individualisation of the indication to the various
alternative therapies
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Summary

Liver transplant is now well established in the management of chronic terminal hepatopathy. With the
follow up of these patients, we are getting to know pathologies derived from their earlier diseases and
those from the organ transplant, among which are those produced by the immunosuppression
(cyclosporine, FK500, sirolimus, glucocorticoids) necessary for their treatment. Among these complica-
tions with affect the quality of life in these patients are osteoporosis and fractures, which can appear
mainly in the first 6-12 months after transplant, but which can continue to a lesser extent in the follow-
ing years. Vertebral fractures, and those of the ribs, are the most frequent, in 65% and 24% of patients,
with negative prognostic factors such as age and primary biliary cirrhosis. So, it is a severe form of osteo-
porosis which is analysed in this work, and to which we bring our therapeutic experience. With antire-
sorptive drugs, positive results have been reported for the prevention and treatment of this bone loss.

Key words: Osteoporosis, Liver transplant, Biphosphonates, Steroids.
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Introduction

In this review the factors which can influence the
loss of bone mass after transplant, at least in
patients with chronic hepatopathy, are outlined.
The review goes on to study the factors which
intervene in the post-transplant loss of bone mass
and in the appearance of fractures. Finally we
analyse the management of those patients at risk
of post-transplant osteoporosis and review the
current scientific evidence for antiresorptive treat-
ment in this scenario.

Pre-transplant bone pathology

Loss of bone is a frequent complication of chronic
hepatopathy, its prevalence being higher among
those patients on the waiting list for a liver trans-
plant, especially in cholestatic hepatopathy'?.
There are multiple associated risk factors, among
which are: hypogonadism, vitamin D deficiency,
malabsorption, low weight, reduced physical acti-
vity, and in some cases, previous steroid treat-
ment.

The last two decades have brought significant
changes in the management of chronic hepato-
pathy, in immunosuppression regimes, in waiting
times for liver transplants, and in the nutritional
status of patients. Some authors have observed an
improvement in lumbar bone mineral density
(BMD) with pre-transplant T-scores increasing
from -2.5 before 1990 to -1.7 after 1996

Bone mass in the post-transplant period
After the transplant an accelerate loss of bone tales
place in the first 3-6 months, increasing conside-
rably the incidence of osteoporosis and osteope-
nia**’. A number of studies show that this early
loss of bone is followed by a recuperation of bone
metabolism which starts just a few months are the
transplant®®. Although the first post-transplant stu-
dies showed a predominance of lumbar bone loss
and vertebral fractures'’, more recent studies indi-
cate a greater loss of bone in the femur". In addi-
tion, differently from bone loss in the lumbar
region, the femoral bone loss persists for the first
three years after the transplant?’”. Other works
have found this decrease in BDM in the femoral
neck at 6 and 12 months, even despite treatment
with biphosphonates, which suggest a lesser effect
of these drugs in cortical bone™.

Factors implicated in the loss of bone
mass

Glucocorticoids

Given that the early loss of bone mass has been
observed in all transplants of solid organs, it has
traditionally been assumed that the high doses of
glucocorticoids (GC) necessary for immunosup-
pression played a principal role in this loss*®.

The potential impact of the dose of GC as a
determinant of the loss of bone is supported by the
absence of bone loss in the lumbar and proximal
femoral regions found in patients with renal trans-
plants treated with low doses of steroids and tacro-
limus®. In addition, in the work of Martinez et al."¥,

the withdrawal of GC after the transplant accelera-
ted the recuperation of lumbar BMD (Z-score -0.44
in the group with early withdrawal of prednisone
vs Z-score of -0.99 in patients in whom treatment
with prednisone was maintained; p< 0.05), without
adverse effects on tolerance of the graft. On the
other hand, the higher rates of fracture which are
present after heart and lung transplants™'® in
which greater doses of steroids are used, would be
consistent with the role which they play in the
pathogenesis of post-transplant osteoporosis. In
spite of the fact that few works have successfully
shown an association between the cumulative
dose of GC and the loss of bone mass in the post-
transplant period”*, Guichelaar et al.®, confirmed
this relationship by means of a histomorphometric
analysis. In this work, the accumulated dose of ste-
roids at one month and 4 months post-transplant,
was positively correlated with the loss of bone
volume, and inversely with the parameters of for-
mation. In addition, this histomorphometric study
indicated that the principal incident which drives
the loss of bone mass happens very early in the
post-transplant period and, probably, is found to
be related to a reduction in bone formation. These
findings are consistent with the known effect of
steroids on the osteoblasts and on bone formation.
For the same reason, the transitory inhibition of the
bone formation can play a key role in the loss of
bone following transplants.

The same group®, in a study or 33 patients
with chronic cholestatic hepatopathy found that
despite a decrease in BMD 4 months after trans-
plant, biopsies of the iliac crest at 4 months sho-
wed histomorphometric improvement, increasing
significantly the static and dynamic parameters
from low levels at the moment of transplant to
values in the range of normality 4 months after the
transplant. At the same time, the measurements at
four months of the parameters for bone resorption
showed the same increase, but in a range similar
to those values obtained immediately post-trans-
plant. These histomorphometric findings indicate
that despite the post-transplant loss of bone, at 4
months the bone metabolism had improved, with
an increase in bone formation and a more closely
matched balance of formation and resorption.

The current evidence, for the same reason,
suggests that the loss of bone after liver transplant
is caused by an initial increase in bone resorption,
together with a decrease in formation. Later, the
bone formation increases and may overtake the
resorption. These changes could be consistent
with the rapid decrease in BMD observed in the
first months post-transplant, and the later recupe-
ration towards baseline values, found in the majo-
rity of studies.

Other immuppressive drugs

The role played by other immunosuppressive
drugs in the post-transplant loss of bone mass is
not well known. Tacrolimus induces severe loss of
trabelucar bone in rats, although it seems to be
less severe in humans®. With respect to cyclospo-



rine A (CyA), some studies in humans show a
similar effect as that observed in murine models in
patients with liver, kidney and heart trans-
plant”##, Mofetil mycophenolate has not shown
any effects on the bone in murine models.

In a study of 360 patients with liver transplants
for chronic cholestatic hepatopathy the post-trans-
plant bone gain was less and the number of frac-
tures greater in patients treated with CyA than
those treated with tacrolimus*. Other authors have
shown that patients who receive CyA have more
fractures than those with tacrolimus, but this effect
may reflect the differences in the average dose of
steroids between the two groups'™.

In another study, although the losses of bone
mass were similar in patients treated with CyA
than in those treated with tacrolimus, the histo-
morphometric changes after transplant suggest
that patients receiving tacrolimus can have a more
rapid recuperation in bone metabolism after the
initial phase of bone loss, in comparison with
patients with CyA®. In in vivo studies, both CyA
and tacrolimus alter the balance of bone remode-
lling, with resorption exceeding formation, with
the consequent loss of bone mass. On the other
hand, in relation to CyA, this bone loss could be
seen to be being powered by the decrease in
blood levels of testosterone which it provokes in
the patients®.

Vitamin D

Numerous works in the literature found low levels
of 25-OH vitamin D in hepatopathic patients.
Although it has been suggested that the decreased
levels of vitamin D in patients with hepatopathies
might be due in part to a lower production of
transport proteins (DBP and albumin)®*, to a
change in the 25 hydroxylation of vitamin D*®  or
to the malabsorption of liposoluble vitamins in
cholestatic hepatopathies®, it seems that the lower
levels of vitamin D in chronic hepatopathies are
related, with great probability, to a deficient
supply of vitamin D due to environmental and
dietary factors.

Some authors found that the levels of 25-OH
vitamin D are independent predictors of the BMD
in the hips of patients with cirrhosis®. Crosbie et
al. found a correlation between levels of 25-OH
vitamin D at 3 months after liver transplant and an
increase in BMD at 6 months, which suggests that
the normalisation of levels of vitamin D can exert
a positive effect on BMD?.

Fractures in the post-transplant period

In patients receiving a liver transplant, the most
frequent fractures are vertebral fractures. The
following risk factors for fractures occurring after
transplants have been identified: advanced age’;
pre-transplant vertebral fractures®; chronic choles-
tatic hepatopathies®. Similarly to that which was
the case with bone mass, few authors have found
a relationship between the dose of glucocorticoids
and the risk of fracture in patients receiving a liver
transplant®.
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Guichelaar et al. studied, in 360 patients with
chronic cholestatic hepatopathy between 1985
and 2001, the incidence and predictive variables
of fractures (vertebral and non-vertebral) pre- and
post-transplant, from the pre-transplant period, up
to 8 years after*. The accumulated incidence of
fractures was 30% in the first year post-transplant
and 46% at 8 years after the transplant. Differently
from other studies, there was a similar incidence
of vertebral and non-vertebral post-transplant frac-
tures. The majority of fractures occurred in trabe-
cular bone, with the spinal column and the ribs
making up over 90% of the total fractures. The
principal risk factors for the appearance of fractu-
res post-transplant were the presence of fractures
pre-transplant, a lower BMD, the dose of gluco-
corticoids post-transplant and primary biliary cir-
rhosis. Neither the loss of bone in the first 4
months post-transplant, nor the later bone gain
were correlated with fractures.

The estimates of fragility-related fracture post-
transplant varied widely according to the studies.
In various works the percentages of fractures
referred varied between 25-35%, mainly in the
first 6 months after the transplant’’#%* while
other authors found a lower rate of fractures (6-
8%, These differences in the incidence of
fractures referred to in the different studies could
be due to a number of factors: the selection of
the patients, treatment with immunosuppressors,
criteria used for the diagnosis of vertebral fractu-
res. However, in general, the highest rates of
fractures appear in the literature in the earlier
works, while more recent works report lower
rates. Compston found an incidence of 27% for
vertebral fractures in the first three months after
transplant in a study of 37 patients receiving a
liver transplants between 1993 and 1995%. In a
later study of the same group carried out betwe-
en 1995 and 1998 the incidence of fractures in
the first year was only 5%'". Between these stu-
dies there was a significant reduction in the dose
and duration of treatment with glucocorticoids,
although the use of cyclosporine and tacrolimus
was hardly modified.

Thus, it appears that the natural history of post-
transplant osteoporosis has been improving in the
last few years. Other factors which might explain
this apparent reduction on the frequency of oste-
oporotic post-transplant fractures as well as the
reduction in the doses of glucocorticoids (and
possibly the use of cyclosporine A, which has
been substituted by other immunosuppressant
drugs), could be that in some countries transplants
nowadays take place at an earlier stage of hepato-
pathy, which diminishes the prevalence of pre-
transplant bone pathology. In addition, the spec-
trum of hepatopathies in which transplants are
carried out has changed over the years. Thus, in
Europe primary biliary cirrhosis represented 57%
of the transplants in 1983, whilst in 1999 this was
only 20%, with an increase in patients receiving
transplants due to viral hepatitis (principally VHC)
and alcoholic cirrhosis.
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Evaluation of patients at risk of post-trans-
plant osteoporosis

The adequate management of post-transplant bone
pathology implies both the optimisation of bone health
before transplant and the prevention of bone loss after
transplant. In summary, the following paths of interven-
tion are recommended'**,

1. Pre-transplant period

Table 1 summarises the initial evaluation of a
patient with chronic hepatopathy on the waiting list
for a liver transplant. The following biochemical
analyses are carried out: calcium, phosphorus, total
and bone phosphatase, creatinine, calcidiol, PTH,
TSH, proteinogram, total testosterone, bio-available
testosterone and LH or oestradiol and FSH, as well
as calciuria in urine in 24 hours. Annual bone den-
sitometry before transplant. Lateral X-ray of the dor-
solumbar spinal column. Moderate physical exerci-
se is recommended. The maintenance of a good
nutritional state. Ensure an adequate intake of cal-
cium (1500 mg/day) and vitamin D (400-800
Ul/day) (ensure adequate blood levels of 25-OH
vitamin D). Prevent hypercalcuria (if a patient who
does not take loop diuretics has hypercalcuira, add
25 mg/day of hydrochlorothiazide). Treat hypogo-
nadism if present and not contraindicated.

After a first evaluation, the follow up of the
patient should be oriented around the results of
the BMD, the existence or not, of fractures, as well
as other associate risk factors.

2. Prevention of bone loss post-transplant
In general, for the prevention and treatment of
post-transplant osteoporosis the use of biphospho-
nates is recommended®. While there are contradic-
tory data for both oral and intravenous biphospho-
nates, many studies with favourable results for
biphosphonates were carried out without randomi-
sation, without a control group and with a small
number of patients, such that the beneficial effect
can be attributed incorrectly to the treatment and is
due to the general improvement in the state of the
patient which takes place after the transplant.
Given the accelerate loss of bone mass which
occurs immediately after transplant, many experts
recommend preventative treatment for all patients
receiving transplant of solid organs, independently
of the BMD pre-transplant®*+%¥_ This approach is
based on observational data which show an over-
lap in pre-transplant BMD values between patients
who present post-transplant fracture and those
who do not®. Another approach for the manage-
ment of patients receiving transplants is to apply
clinical guides used for the prevention of osteopo-
rosis induced by glucocorticoids.

Preventative measures and antiresorptive
treatment after liver transplant. Current
evidence.

The studies around the efficacy of treatment with
vitamin D in patients with cirrhosis have a number
of shortcomings: lack of randomisation and con-
trol group, low numbers of patients, predominan-

ce of primary bilial cirrhosis, poor representation
of viral hepatitis, absence of data on fractures®.
Although the works published to date do not
allow the conclusion to be drawn that treatment
with vitamin D influences the progression of bone
disease in patients with cirrhosis, almost all
authors, including the American Association of
Gastroenterology, recommend supplementation
with calcium and vitamin D in this type of
patient**. Supplementation with calcium and vita-
min D is also recommended during the post-trans-
plant period. Table 2 summarises the characteris-
tics and results of the main studies on which we
are going to comment.

Hay et al. found that subcutaneous calcitonin
(100 Ul/day) was not successful in preventing bone
loss or fractures in patients with primary bilial cir-
rhosis or primary schlerosing cholangitis receiving
liver transplants®. In another work of Guichaar et
al., in those with liver transplants histomorphome-
tric analysis showed that calcitonin (n= 14 calcito-
nin, n= 19 control) was not effective, either directly
(number of osteoclasts, area of erosion) or indi-
rectly (trabecular thickness, number and separa-
tion) on the parameters for bone resorption®.

Valero et al.” studied the effects of calcitonine
vs cyclical etidronate on the lumbar BMD in 40
patients with liver transplants. There was a signifi-
cant increase in BMD in both groups, but greater
in the group with etidronate®. Another study with
cyclical etidronate, combined with alphacalcidiol
and calcium, carried out in 53 patients did not find
prevention of bone loss in the lumbar or femoral
region, although neither was there a control
group™.

With respect to pamidronate, the results are
contradictory. One non-randomised study found a
positive effect in the reduction of vertebral fractu-
res in 13 patients with liver transplants. In
Dodidou et al.** patients with liver transplants
and 13 with heart transplants with high levels of
loss of bone mass or osteoporotic fractures occu-
rring in the first two years after the transplant
received 30 mg/3 months of intravenous pamidro-
nate over two years, along with 1000 mg of cal-
cium and 1000 Ul/day of vitamin D*. A historic
control group of 58 patients treated with calcium
and vitamin D was used. The BMD increased sig-
nificantly in the lumbar spinal column and femo-
ral neck among those patients treated, in spite of
the fact that the treatment was not initiated imme-
diately after the transplant. Another non-randomi-
sed study with pamidronate carried out by Pennisi
et al. involved 85 patients receiving liver trans-
plants. 47 of these patients, who presented with
pre-transplant osteopenia or osteoporosis, recei-
ved 30 mg of i.v. pamidronate every 3 months for
one year after the transplant. The rest of the
patients were used as the control group. A signifi-
cant increase in BMD in the lumbar region was
observed in patients treated with pamidronate as
opposed to the control group. The BMD in the
femoral neck reduced in both groups. The authors
concluded that pamidronate appears to have a



limited effect on trabecular bone without modif-
ying the cortical structure of the femur*. Ninkovic
et al., in a controlled and randomised study in 99
patients with liver transplants, an i.v. infusion of
60 mg of pamidronate, administered preoperati-
vely, had no significant effect on the loss of bone
mass, or on the rate of fractures one year after the
transplant”. An unexpected finding of this study
was the absence of loss of lumbar bone mass and
the low rate of fractures (8%) in the non-treated
patients, although there was significant loss of
bone in the femoral neck, which pamidronate
could also not prevent. In a recent multi-centred
study by Monegal et al., with 79 patients, two infu-
sions of 90 mg of i.v. pamidronate (in the first two
weeks, and 3 months after liver transplant) pre-
vented the loss of bone mass in the lumbar region
during the first year. Pamidronate did not manage
to reduce the loss of bone in the femoral neck or
the incidence of post-transplant fractures'.

With respect to the data on alendronate,
Millonig et al. studied, for an average of 27.6
months, 136 patients who had received liver trans-
plants. All the patients received 1000 mg of cal-
cium and 400 UI of vitamin D. In addition, those
who presented with osteopenia or osteoporosis
took alendronate weekly. The BMD in the lumbar
region and in the femoral neck increased in the
patients with osteoporosis®. Atamaz et al., in the
first randomised study with a control group
carried out with alendronate weekly, in 98
patients with liver transplants, during 24 months
of follow up, observed that alendronate (70 mg
weekly) significantly increased bone mass in the
lumbar region, in the femoral neck and in the
whole hip, as opposed to calcium (1000 mg) and
calcitriol (0.5 wng), however it did not appear to
exert a protective effect against fractures®.

As far as zoledronate is concerned, in a study
by Crawford, 62 patients with liver transplants
were referred, randomly, to receive zoledronic
acid (4 mg i.v.) or a placebo 7 days after transplant
and at'** and 9 months post-transplant. All the
patients received 600 mg/day of calcium carbona-
te and 1000 Ul/day of vitamin D. The group with
zoledronic acid lost significantly less bone mass in
the hip. In the lumbar region, the group with zole-
dronate lost less bone mass at three months, but
the significant difference between the two groups
had disappeared at 12 months. A notable finding
of this study was the recuperation of the lumbar
BMD at 6 months in the placebo group, which
almost reached baseline levels after a transitory
reduction at 3 months. At 12 months, the values of
BMD superseded baseline levels in both the pla-
cebo group as well as in the group receiving zole-
dronate®. This spontaneous improvement in BMD
in the placebo group could be related to a gene-
ral improvement in the state of those patients,
mobility, muscle mass and nutrition, as a conse-
quence of an improved liver function™. In the
same study, Crawford observed a higher loss of
bone mass in the hip than in the lumbar region in
the placebo group, reaching the nadir 6 months
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Table 1. Initial evaluation of a patient with chronic
hepatopathy on a waiting list for liver transplant

Initial pretransplant evaluation

Biochemical determinations:

-Calcium, phosphorus, total and bone alkaline
phosphatase, creatinine, 25-OH vitamin D, PTH,
TSH, proteinogram

-Total and bioavailable testosterone and LH/oes-
tradiol and FSH

-Urinary calciuria 24 h

Lumbar and hip BMD annually

Lateral X-ray of dorsolumbar spinal column

Moderate physical exercise

Maintain good nutritional state and ensure adequa-
te blood levels of 25-OH vitamin D

Prevent hypercalciuria

Treat hypogonadism if present and if there are no
contraindications

Initiate antiresorptive treatment according to BMD,
fractures and other risk factors

after the transplant with partial recuperation
later”. The patients who received treatment with
zoledronate did not show loss of bone mass in the
hip. In another study by Bolingbauer, the patients
received treatment with 8 infusions of 4 mg of
zoledronic acid i.v., over the first 12 months after
their liver transplant (one infusion per month for
the first 6 months, another at 9 months and ano-
ther at 12 months), in addition to calcium carbo-
nate (1000 mg/day) and vitamin D (800 Ul/day)
The main target of the study — fractures in the first
24 months after transplant — was found in 4
patients (8.5%) from the group with zoledronate
(n= 47), and in 11 patients (22.5%) in the control
group (calcium + vitamin D) (n= 49) (p= 0.05).
The densitometric parameters were significantly
better in the femoral neck in the group with zole-
dronate only at 6 months, being similar in both
groups later. In terms of the lumbar spinal column,
no differences between the groups were found,
neither at 6 nor at 12 months”. The same group
published a subsequent work, carried out with the
same patients as in the earlier study in which they
analysed through histomorphometry the parame-
ters of distribution of the density of bone minera-
lization at the time of transplant. 39 patients were
studied, 21 in the zoledronate group and 18 in the
control group. Six months after the transplant, the
treatment with 4 mg/month zoledronate i.v., sho-
wed a significant reduction in bone turnover com-
pared with those patients treated with calcium and
vitamin D (n= 18) as well as a definite restoration
in mineralization®. This improvement in the bone-
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’s micro-architectural properties may explain the
beneficial effect of treatment with zoledronate on
the risk of fracture observed two years after the
transplant, despite not achieving an improvement
in the BMD with respect to the control group.

In conclusion, although the transplant of
organs, in particular liver transplants, have contri-
buted to resolving the vital problem of terminal
chronic hepatopathies, the combination of the
previous disease, and the intervention with immu-
nosuppressive measures, can facilitate the deve-
lopment of an accentuated bone loss, which is
going to impact on the future quality of life of
these patients. At present we count on effective
drugs for the prevention and treatment of this
osteoporosis. New anti-osteoporotic drugs which
stimulate bone mass, should be studied and tria-
lled in this pathology. Finally, a better knowledge
of the mechanisms by which immumosuppressors
induce this bone loss is going to be important for
its better prevention and etiopathogenic treatment.
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Clinical case

We present a case of a woman of 71 years of age
with a history of epilepsy, mixed hyperlipemia,
depressive syndrome and established osteoporo-
sis, having had a previous Colles fracture on the
left-hand side at the age of 52. She was following
treatment with 750 mg/day of valproic acid, 40
mg/day of atorvastatin, 100 mg/day of trazodone,
20 mg/day of omeprazol, 35 mg weekly of rise-
dronate and calcium and vitamin D supplements
(550 mg/day of calcium element and 400 UI of
vitamin D). For at least the last 10 years she pre-
sented with back pain, which improved only par-
tially with rest and on occasion the pain, both dor-
sal and lumbar, woke her in the night. This pain
had increased progressively in intensity such that
it interfered with the basic activities of daily life.
For this reason she was studied five years previ-
ously in another clinic without their arriving at a
conclusive diagnosis. Nuclear Magnetic Resonance
(NMR) of the spinal column had been carried out
in which various lytic lesions were found, sugges-
tive of metastasis in D6-D8. However, after an
exhaustive examination, which included bone
gammagraphy, computerised axial tomography
(CAT), thoraco-abdominal mammography, tumour
markers, proteinogram and thyroidal echogram,
no primary tumour was found and only analgesic
treatment was prescribed. 100 ug/hour every 72
hours of transdermic fentanil, 575 mg (3 cp/day)

of metamizol and 300 mg/day of gabapentine was
usually used.

She attended our clinic due to an increase in
the intensity of these back pains, fundamentally in
the last few months, without a clearly associated
constitutional syndrome, nor previous trauma, or
reduction in spirits. She did not have measurable
fever, retained her strength and mobility, was able
to walk without support and did not present sen-
sory disturbances of any kind.

In the physical examination there was nothing
noteworthy, except for pain on tapping the irradi-
ated middle dorsal processes on the right-hand
side, without palpable soft tissue mass. The neu-
rological examination showed everything to be
completely normal.

The analyses carried out showed discrete nor-
mochromic normocytic anaemia (haemoglobin 10.8
g /dL, haematocrit 31.7%, VCM 91.8 fL) with normal
levels in the rest of the haemogram series and a
velocity of globular sedimentation (VGS) of 35 mm
(the second hour was not needed). The times of
coagulation and biochemistry (which included the
metabolism of iron, hepatic and lipid profile, pro-
teinogram, thyroid hormones and levels of vitamin
B12) were normal. The same was the case with the
elemental urine analysis. A Mantoux test and blood
tests for salmonella and brucella were carried out,
all tests being negative. Similarly, levels of anti-
streptolysin-O (ASLO) were less than 200.



The following imaging tests were carried out: 1.
An X-ray of the thorax, with no mediastinal pathol-
ogy apparent, with multiple bibasal pulmonary lin-
ear opacities in both pulmonary fields compatible
with laminar atelectasis by hyperventilation. In the
bone, in the simple spinal X-ray there was an affec-
tation in D6-D7-D8 with a partial collapse of verte-
bral bodies, and sclerosis, with erosions, of the sur-
faces of the vertebral end plates. 2. A CAT of the
dorso-lumbar spinal column, where a lytic lesion
was observed, with a well-defined border, in the
right lateral section of the body of D8, with a drop
of fat in its interior which suggests the possibility
of vertebral hemangioma (Figure 1). There are also
other images compatible with vertebral heman-
giomas in D12 and L1, specifically, in the right lat-
eral section of the vertebral body, surrounded by
sclerosis (Figure 2). Notable is a mass of soft tis-
sues, in the bilateral and pre-vertabral para-spinal
space, in the coronal reformatting and in the axial
cortex. 3. An NMR, in which were observed multi-
ple hypersignal lesions, affecting essentially verte-
brae D5 to D9, as well as D11, and, in the lumbar
region, L4 and L5. There was, in turn, a significant
affectation on the bodies of D6, D7 and D8, with a
low signal in sequences T1, and discrete hypersig-
nal in sequences T2, with minimum increase in the
pre-vertebral soft tissues and small right anterolat-
eral epidural cuff, without producing compression
in the low dorsal medulla. Also described were
hyperintense images in sequences T1 and T2 in the
vertebral bodies of L4, L2, D12 and D8 in the right
half, which could be related to angiomas and/or
lipomas (it was too long and exhaustive). 4. Bone
gammagraphy with HDP-Tc-99m, which showed
an increased deposit in vertebra D7 to D9, which
could be considered as vertebral crushing, and in
both sternoclavicular joints. Also found was hyper-
uptake in L4 and L5, with a possible central cold
area in L5. The examination with gallium showed
up some physiological activity, without evidence
of points of hyper-uptake coinciding with the
deposits described in the study with HDP-Tc-99m.
In conjunction, the examination resulted in a sig-
nificant increase in osteoblastic activity in the sig-
nalled regions, with neither hyperemia nor accom-
panying signs of inflammation.

Before the new doubts were raised, regarding
a previous diagnosis over five years ago, it was
decided to carry out a bone biopsy of the verte-
bral bodies of L4 and D5. In the anatomo-patho-
logical study enlarged bone trabeculae were
observed with many cementation lines. Atypias
were not observed. The medullar spaces were
occupied by conjunctive tissue which was mostly
loose and there were no infiltrators or tumourous
cells. A microbiological study of the sample was
also carried out (bacilloscopy, specific cultures for
bacteria, myobacteria and fungi) which equally
gave negative results.

In summary, after the re-evaluation of the case,
the overall picture of chronic back pain evolved
over a number of years, and crushed vertebrae,
were catalogued as multiple vertebral heman-
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giomatosis, manifested above all by pain due to
bone expansion and vertebral collapse.

Once the different therapeutic options were
evaluated it was decided to opt for radiotherapy of
D8 and D12 with a total dose given of 30Gy. With
this the patient developed well, with a reduction
in pain and in the dose of analgesia required.

Discussion

Hemangiomas are benign tumours of vascular ori-
gin with scarce malignant metaplasia, but occa-
sionally with aggressive behaviour. In reality they
are not considered to be a true neoplasia, rather a
congenital anomaly originating in the embrionic
capture of the mesodermic tissue. These yolk sacs
proliferate, giving way to masses which resemble
neoplasic tissue.

Vertebral hemangiomas have an incidence of
11% in the general population. They correspond
to 1% of the total bone neoplasias, their frequen-
cy increasing with age, they are generally diag-
nosed in adults or older people and are more
common in women'?.

They are often seen as single localised lesions in
a single vertebral body, although they can also
extend towards the posterior arch. Less frequently
there are cases with an affectation of a number of
vertebral bodies. The thoracic region is usually the
most affected. Only 0.9-1.2% are symptomatic. Of
these, 54% give pain, and 45% have neurological
manifestations which could be the medullar and/or
radicular  compression, generally sub-acute.
However, the possibility of growth or extension of a
vertebral hemangioma is extremely low, and
because of this the tumour seldom break the cortex.

Differential diagnosis, above all in the case of
multiple vertebral hemangiomas should be carried
out with Paget’s disease, bone metastasis, haemato-
logical tumours such as myeloma or leukaemia, and
other tumours of vascular origin such as heman-
gioblastoma or hemangioendothelioma. The X-ray
images are often diagnostic. However, since there
are hemangiomas with different image patterns his-
tological diagnosis is occasionally necessary?>.

What stands out in our case is the initial diag-
nostic direction which was indicated in the first
examinations carried out by another clinic.
However, in our clinic it was felt that the passing
of time, and the lack of data indicating a tumoral
process, pointed towards the diagnosis of multiple
hemangiomas.

A simple X-ray of a vertebral hemangioma
offers an image which depends on the location. In
the spinal column a pattern of vertical parallel stri-
ations is observed as a characteristic image, like
the stripes in a “prison cell”, which can resemble
a honey comb. They are generally found in the
lower thoracic region and do not cause growth in
the vertebral body".

In the CAT scan the thick bony trabeculae are
seen in the images as highly characteristic “spines
of bone”, CAT being the tool which usually best
defines the bone architecture and is the best
method of imaging diagnosis’.
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Figure 1. Spinal CAT. Axial Scan at the level of D8 in
which is observed a lytic lesion with a well-defined
border in the right lateral section of the vertebral body,
which contains a drop of fat in its interior which sug-
gests the possibility of vertebral hemangioma

Figure 2. CAT of dorsal spinal column. Coronal
reformatting in which are observed lytic lesions
with well defined contours, surrounded by sclerosis
in many vertebral bodies, essentially in D6-D8, D10
and D13, compatibles with vertebral hemangioma

In the NMR they appear as images of voids or
of hyperintensity related to the presence of adi-
pose tissue, blood vessels and oedema. The pos-
sibility of changes in the spaces and the adjacent
soft tissues when there are partial ruptures with
haemorrhaging of these hemtengiomas has been
described. These images could suggest differential
diagnosis, including vertebral osteomyelitis. NMR
is essential in cases in which there is myelopathy
since it is possible to image the nervous tissue and
the compressive tissue, and in addition it acts as a
prognostic study since the isointense images in T1
and the hyperintense images in T2 are associated
with hypervascularity and an increase in the
potential to medullar compression®.

The therapeutic options for cases of sympto-
matic multiple hemangiomas are: radiotherapy,
endovascular embolization, infiltration of the ver-
tebral body with ethanol, vertebroplasty or surgi-
cal procedures such as decompressive laminecto-
my and resection of the vertebral body if neces-
Sary7$.

Embolization is a temporary method of dimin-
ishing the risk of haemorrhage, although there is a
risk that with the nutritional artery being common
with the vertebral artery, a medullar ischemia is
provoked’. For this reason, an angiograph may
help determine the nutritional blood vessels of the
hemangioma and with this the viability of carrying
out an embolisaion without risk of compromising
the medullar circulation.

Vertebroplasty can prevent the collapse of the
vertebral body, but not destroy the vascular for-

mations; hemangioma, then, may follow an
expansive process with the subsequent neurolog-
ical symptoms and possible complications (pul-
monary embolism, etc.)*'2,

Ferndandez et al.” evaluated the effects of radio-
therapy (20-30Gy) in a group of 7 patients with
symptomatic vertebral hemangiomas followed for
an average of 19 months and found that the treat-
ment was effective, with no relapse in 6 patients,
and what’s more, presented no toxic effects. More
recently Heyd et al.** described 63 cases treated
exclusively with radiotherapy (30.0 Gy), in which
57% had a complete remission of symptoms, 32%
a partial remission, and in 11% they obtained no
response. With this they concluded, equally, that
radiotherapy is very useful in the management of
the symptoms of these patients, although due to
the time required to take effect, in those cases
with neurological symptoms (medullar compres-
sion) surgical treatment should be indicated first,
and subsequently radiotherapy, with the aim of
preventing relapse. Although radiotherapy helps
to obliterate the hemangiomas and produces an
improvement in the painful symptoms, there have
been cases described in which it can produce
complications such as medullar necrosis or
myelitis®.

The biological mechanisms by which the pain
symptoms are seen to be diminished are contro-
versial: they could be due to an anti-inflammatory
effect, or to the destruction of the anomalous
blood vessels by the phenomenon of vascular
fibrosis'.



In another work, even more recent, the same
authors present a more extended and up to date
series of cases of vertebral hemangioma treated
with radiotherapy (a total of 84 patients with 96
symptomatic lesions). The authors conclude that
radiotherapy is an easy, safe and effective method
of alleviating the pain associated with these
lesions, showing that a total dose of at least 34 Gy
was ideal for achieving the most satisfactory
response. Among the secondary effects of the
treatment were described cutaneous ulcerations
and risk of carcinogenesis in 2.4% of patients'.

Embolization, alcoholisation and vertebroplas-
ty of multiple vertebral hemangiomas are risky,
and the absence of neurological compromise dis-
counts surgery as the first choice, for which rea-
son radiotherapy was the treatment opted for.
The treatment carried out was effective, bringing a
reduction in the dose of analgesics (treatment with
strong opiates and gabapentine were successfully
withdrawn), with the consequent reduction in
possible secondary effects.

In conclusion, we believe that the case
described is relevant due to the clinical and radio-
logical presentation (multiple hemangiomatosis),
the initial delay and confusion in the diagnosis
(which is usually carried out with a radiological
examination), as well as for her excellent response
to radiotherapy treatment.

Although there are many ways of treating ver-
tebral hemangiomas, there are no guides to its
management; there are difficulties in its diagnosis
in the asymptomatic phase of the disease, and
treatment is generally suggested when there are
complications such as fracture or secondary com-
pression. In spite of this, it is necessary to empha-
sise the importance of a precise diagnosis and an
appropriate follow up to avoid severe and perma-
nent consequences.
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Introduction
OP is a generalised disease of the skeleton charac-
terised by low bone mass and an alteration in
bone micro-architecture, with an increase in its
fragility and consequently, a greater tendency to
fracture!. Primary OP is that in which the reduc-
tion in bone mass can be explained by the chan-
ges brought about by aging, such as the hormonal
changes produced in the menopause; the concept
of secondary OP is reserved for that which can be
caused or exacerbated by other pathologies or
medications®. The prevalence of secondary OP is
highly variable, depending on age, sex, racial
group, etc. In addition, it is not always possible to
talk of an isolated cause as the origin of many
cases of osteoporosis, rather, a multifactorial etio-
logy is quite frequently found. Thus, while the
prevalence of cases of secondary OP in males rea-
ches 64%7, in perimenopausal women the preva-
lence is around 50%, diminishing after the meno-
pause to a not insignificant level of 20 to 30%*.
OP is a multifactorial disease to whose genesis
contribute numerous genetic and environmental
factors; each factor carries a relatively small weight
in the development of the disease, with the excep-
tion of ageing and the menopause. The causes of
secondary OP are multiple, from genetic, endocri-
nal, gastrointestinal and haemetologicial diseases,
to nutritional and pharmacological factors.
Although the diagnosis of OP is established
through densitometric criteria, supported on occa-
sions by clinical criteria’, there are alterations in

other imaging tests —conventional X-ray, compute-
rised tomography (CT) and magnetic resonance
(MR)- which should make us suspect this diagno-
sis. Thus, many cases of OP may be suspected in
a casual way through an X-ray examination for
another reason, or in subjects with fractures and
risk factors for the disease.

The fact which drives the publication of this cli-
nical case in our environment is based on three
fundamental aspects: 1) the importance of specific
X-ray examinations distinct from bone densitometry
in the diagnosis of OP, 2) a review, in practical
terms, of the epidemiology of secondary OP and 3)
the necessity of maintaining clinical suspicion in
selected patients, with negative results in the usual
screening tests, which allow us to establish an early
diagnosis of potentially curable diseases whose late
diagnosis can result in high morbimortiality.

Clinical case

A male patient of 46 years of age, allergic to peni-
cillin and roxithromycin, businessman by profes-
sion, sedentary for a large part of his working day.
Began two months before the start of the study
with pain in the lower dorsal region, mechanical
in character, radiating towards the abdominal
region, which was treated with analgesia and mus-
cle relaxants, with partial improvement. Months
before he had suffered an accidental trauma of
moderate intensity in the right costal zone, with
intense, stabbing pain which reduced on its own
in a few weeks.



Figure 1. MR of dorso-lumbar spinal column.
Vertebral wedging anterior to D7
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Figure 2. Thoracic CT. Vertebral permeative bone
pattern

Physical examination

The patient presented in a generally good state,
without any neurological symptoms, good hydra-
tion and cutaneo-mucous perfusion, eupneic at
rest, with blood pressure of 140/70 mmHg and a
cardiac rate of 80 Ipm, afrebrile, weight of 60 kg,
height of 180 cm, BMI 19 kg/cm? The cervical
region was normal. The cardiac tones were
rhythmic, without murmurs and the breath sound
was conserved. Without alterations in the abdomi-
nal examination and in the four limbs. Discrete
dorsal kyphosis, with pain when the right lower
paravertebral musculature was palped. The
Lassegue manoeuvre was negative. The external
genitals and secondary sexual characteristics were
normal. He adopted an antalgic posture.

Complementary examinations

The haemogram presented haemoglobin of 11.2
g/dL (normal values 13-18), haematocrit 31.9%
(normal values 39-54%), average corpuscular volu-
me 93.5 fL (normal values 80-99), with platelets
and white blood cells within normal levels. The
velocity of globular sedimentation was normal.
Notable in the biochemistry were urate at 7.2
mg/dL (normal values 3,4-7), phosphate 4.6
mg/dL (normal values 2.7-4.5), alanine amino-
transferase 45 UI/L (normal values 2-41), with the
values of renal function, thyroid hormones,
parathyroid hormone, folic acid, vitamin B12,
ferric parameters, lipid profile, hepatic profile, lac-
tate dehydrogenase, proteins, calcium, C reactive
protein, cortisol and testosterone, being normal.
The coagulation study was normal, as was the uri-
nary ion excretion. The serology for brucella and

the urinary bacilloscopy were negative. The mar-
kers for digestive, pulmonary and prostate
tumours were normal. The immunochemical study
showed hypogammaglobulinemia with IgG values
of 335 mg/dL (normal values 700-1,600), IgA of
119 mg/dL (normal values 70-400), IgM of 5
mg/dL (normal values 40-230). The Mantoux intra-
dermoreaction was negative when taken at 48 and
72 hours. In the simple X-ray of the dorsolumbar
spinal column a mild wedging of the vertebral
body of D7 was observed. The dorsal MR scan
showed a wedging below D7 which fundamen-
tally affected the superior epiphysary platform,
without affectation of the posterior wall or the
adjacent mass of soft tissues (Figure 1). The bone
gammagraphy showed a reinforced trace capture
in the D7 area, compatible with vertebral crushing.
The thoraci-abdominal-pelvic CT scan did not
show changes in any solid organs, or adenopa-
thies in any of the lymphatic chains studied.
However, there was permeative bone pattern in
practically all the bones, with some images of
endocystic scalloped bleeding, including some
with rupture of the cortex (Figure 2).

In the face of the bone findings and keeping a
high level of clinical suspicion, despite the absen-
ce of monoclonal hypergammaglobulinemia, an
aspiration of the bone medulla was requested
which was cytologically compatible with mono-
clonal gammopathy of type multiple myeloma
(MM). The wurinary immunofixation detected
kappa type Bence Jones protein. With the diagno-
sis of kappa type Bence-Jones MM, stage IIIB,
poly-chemotherapeutic treatment was initiated
according to the VAD (vincristine, adriamycin and
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Table 1. Causes of secondary osteoporosis

Hypogonadal states

Endocrine disorders

Gastrointestinal diseases

-Insensitivity to androgens
-Eating disorders

-Hyperprolactinemia
-Panhypopituitarism
-Early menopause

-Amenorrhea in female athletes

-Turner & Klinefelter syndrome

-Acromegaly

-Suprarrenal deficiency

-Cushing’s disease

-Diabetes mellitus type I
-Hyperparathyroidism

-Tumoral secretion of PTH
-Hyperthyroidism

-Nutritional deficiency in Ca, Mg, vit D.

-Coeliac disease

-Gastrectomy

-Malabsorption

-Inflammatory intestinal disease
-Primary bilial cirrhosis
-Serious hepatic disease
-Pancreatic exocrine deficiency

Genetic disorders

Haematological disorders

Drugs

-Haemochromatosis
-Hypophosphatasia

-Multiple myeloma
-Leukemias and lymphomas

-Anticoagulants: heparins and
dicumarinics

-Osteogenesis imperfecta
-Ehler-Danlos syndrome
-Marfan syndrome

-Systemic mastocytoses
-Pernicious anaemia

-Anticomitials

-Cyclosporin and tacrolimus
-Cytotoxic drugs
-Glucocorticoids and ACTH

Rheumatic diseases

Organ transplants

-Methotrexate

-Rheumatoid arthtritis
-Ankylosing spondylitis

-Bone marrow transplant
-Kidney, liver, lung or heart transplant

dexamethasone) protocol, together with zoledro-
nic acid, over 4 cycles, with a partial response.
The fitting of an orthopaedic corset was required
to fix the dorsal lesion, as well as kinesitherapy
exercises. Subsequently a self-transplant of peri-
pheral blood progenitor cells as a consolidation
treatment, and because he had an HLA-identical
brother, an allogenic transplant was carried out,
with a very good response, with the patient now
being in complete remission after a three year
follow up.

Discussion
Multiple myeloma (MM) is a neoplasia of B cells
characterised by an uncontrolled accumulation of
clonal plasmatic cells in the bone medulla combi-
ned with the production of monoclonal immuno-
globulin detectable in blood or urine. Clinically it
is manifested by signs and symptoms resulting
from organic affectation, such as anaemia due to
medullar deficiency, immune dysfunction with
recurrent infections, skeletal lesions with hypercal-
cemia and renal affectation®. The bone lesions
can take various patterns, with the most common
being multiple osteolitic lesions, and much less
frequently the development of diffuse osteope-
nia'', both due to an increase in osteoclast activity.
MM is present principally in subjects over 50
years of age (only 15% in those younger than 50),
with a median incidence at 65 years of age,
without differences between the sexes, and being
more frequent in black people’. In our case, nei-
ther the epidemiological data nor the initial analy-
tical values were compatible with the initial diag-
nosis of MM. The absence of anaemia, hypercalce-

mia, renal deficiency or hypergammaglobuline-
mia, typical in MM, combined with an anodyne
clinical picture, can reinforce the direction our
diagnosis towards other more probable patholo-
gies. Only the maintenance of a strong clinical
suspicion in patients low intensity fractures and
tomographic pattern of bone permeability,
although other factors may be present for low
bone mass or increased risk of fracture, can bring
a correct diagnosis.

The bone lesions in MM are due to an
asynchronicity between the formation and des-
truction of bone, and here the increase in the acti-
vity of the osteoclasts is not found to be balanced
by a comparable level of bone formation acti-
vity'?"*. The myelomatous cells stimulate the for-
mation and activation of the osteoclasts, due to
the interaction which occurs between the receptor
for the activation of nuclear factor kB (RANK) on
the surface of the osteoclast and the ligand RANKL
existing in the stromal cells of the bone medulla.
The myelomatous cells increase the expression of
RANKL, by a cell-to-cell contact mechanism'".
The RANK-RANKL signal is normally counteracted
by osteoprotegerin, which is reduced by the direct
action of the myelomatous cells*. In addition,
there is, in advanced stages of bone disease, resis-
tance in the myelomatous cells to some chemothe-
rapies, which could be due in part to the same
interaction with the osteoclasts'”*.

The biphosphonates are an essential compo-
nent in the treatment of MM, since they reduce
skeletal morbidity. In Europe only clodronate,
pamidronate and zoledronate are approved for
patients with MM and osteolitic lesions. The choi-



ce between them essentially depends on the way
they are administered and the patient’s concomi-
tant treatment. Both pamidronate and zoledronate
are equally effective and their use is intravenous,
with the latter requiring less time for infusion.
Zoledronate has shown the capacity to prevent the
development of osteolitic lesions and to reduce
the mass of bone tumours in patients with MM, as
well as reducing the number of bone fractures in
patients with OP".

OP has been traditionally considered a wome-
n’s disease, but today it is known to have great
importance to the male sex. In males OP appears
later, due to their higher peak in bone mass in
youth, and the lower loss of bone mass, lacking
such a marked period of bone loss as the meno-
pause in women, for which reason the complica-
tions arising from osteoporosis occur much later
than in women. OP, cause of the crushing-fractu-
re of the vertebra, differs in its etiology between
the sexes. While in post-menopausal women, 70-
75% of cases are due to the menopause itself, in
males secondary forms constitute up to 50% of
cases. The rest of the male forms of this syndrome
are catalogued as idiopathic®®. The three most
important causes of osteoporosis in males are
alcoholism, excess of glucocorticoids (both in
Cushing’s syndrome and in chronic steroid treat-
ment) and hypogonadism'®, although a long list of
secondary causes of OP (Table 1) should also be
taken into account. The search for a gastrointesti-
nal malabsorptive pathology must be prioritised,
when we do not find the causal process for OP.

In males from 70 years of age, due to the loss
of bone mass associated with age, we consider OP
to be explained by the aging process, without
focussing on the search for secondary causes®.
However, we found males below 70 with this type
of OP and others of a greater age in whom the cli-
nical suspicion results in us focussing on the
search for secondary causes or OP.

In conclusion, the causes of OP are multiple,
more, even, in males, which includes aging itself.
For this reason it is necessary always to maintain
a high level of clinical suspicion, in spite of little
specific clinical data, to be able to arrive at a
correct diagnosis of the underlying disease, thus
diminishing the morbimortality of the patient.
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Role of calcium and vitamin D

in the treatment of osteoporosis

Summary

Our objective has been to develop a position document on the role of calcium and vitamin D in the treat-
ment of osteoporosis, identifying and assessing the grade of evidence which supports the recommenda-
tions.

To achieve this aim, the published studies on aspects of pharmacokinetics of calcium, and the usefulness
of calcium and vitamin D in the reduction of risk of fragility-related fracture, given on its own, as well
as, more commonly used in combination with other drugs, have been reviewed, developing through their
analysis, the current recommendations. These have been produced through a pre-specified and repro-
ducible process, which included an accepted model for the evaluation and citing of evidence which sup-
ports them. The document, once drafted by the co-ordinators, was reviewed and discussed by all the
panel members, to produce the definitive recommendations.

Calcium and vitamin D in themselves have shown their usefulness in the reduction of risk of both verte-
bral fracture, and hip and non-vertebral fracture. Administered in combination with different drugs they
also reduce the risk of new osteoporotic fractures. All treatments indicated for osteoporosis should be
administered with a supplement of calcium and vitamin D. To ensure optimum absorption, the calcium
and vitamin D should be administered in small doses throughout the day. The calcium salt most used is
calcium carbonate, of which there has been the greatest experience, it being, also, the cheapest. Calcium
carbonate should be administered with meals for the best absorption. There are no pivotal studies with
drugs used for the treatment of osteoporosis carried out with other salts of calcium. Calcium carbonate
slightly increases the risk of urolitiasis. Calcium citrate is indicated in those patients with achlorhydia and
reduces the risk of urolitiasis, being indicated as the drug of first choice for these patients.



1. Introduction

Osteoporosis. Its importance and the objetives
in its treatment

Osteoporosis is the most frequent metabolic bone
disease in humans. It was initially defined by
Fuller Allbright as “too little bone”. Nowadays, the
definition accepted by consensus is “systematic
skeletal disease characterised by low bone mass
and deterioration in the micro-architecture of the
bone tissue, with the consequent increase in bone
fragility and susceptibility to fractures“’. The
essential elements of this definition are the low
bone mass and the alteration of the micro-archi-
tecture, which distinguishes osteoporosis from
other bone diseases. The alterations in micro-
architecture are characterised by the loss, thinning
and lack of connection between the bone trabec-
ulae, the geometry of the bone itself, etc., which
have been grouped under the concept of bone
quality?. All these factors produce a deterioration
in the structural integrity of bone and contribute to
bone fragility, which brings with it an increased
risk of fractures. In fact, fractures and their com-
plications are the clinical manifestations of osteo-
porosis*'. Considered typically osteoporotic are
fractures of the proximal extremities of the femur,
vertebra and wrist’, although, in general, any bone
is susceptible to fracture.

Treatment of osteoporosis. Objectives

The principal objective in the treatment of osteo-
porosis has to be to avoid or reduce the appear-
ance of osteoporotic fractures (whether the first
time or with the existence of previous fractures),
given that these constitute its principle complica-
tion and clinical problem*®. Other objectives, such
as the increase in bone mineral density, the mod-
ification of the biochemical markers for remod-
elled bone, or complications and adverse affects,
are secondary.

One should also avoid the idea that the treat-
ment of osteoporosis consists solely of the long
term administration of a drug which reduces the
risk of fractures. The correct treatment indicated
requires, in addition, a series of non-pharmacolog-
ical, but equally important actions, such as aban-
doning toxic behaviours like tobacco and alcohol
abuse, taking daily physical exercise, in accor-
dance with the clinical state of the patient, and
having a balanced diet’®.

Evidence-Based Medicine (EBM) and drugs
used for osteoporosis

At present a wide variety of drugs for the treat-
ment of osteoporosis are available. The greatest
number of these have shown their effectiveness
through clinical trials carried out in accordance
with EBM**, and are thus indicated for the treat-
ment of osteoporosis in both the United States and
the European Union.

Nowadays, the studies of drugs for the treat-
ment of osteoporosis are carried out with the prin-
cipal objectives of the reduction of risk of fracture,
since this constitutes the fundamental clinical com-
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plication of osteoporosis, and the reason for its
importance. From a practical point of view, there is
a tendency to separate the reduction in risk of ver-
tebral fracture from that of other fractures, which
have been grouped empirically as non-vertebral
fractures, which is the term generally used®'®, given
that, as non-vertebral fractures are grouped very
different fractures, as much from the point of view
of their symptomology as their mortality, such as,
for example fractures of the rib and hip. In the past,
studies were carried out with the principal objective
being to evaluate changes in bone mineral density
(BMD). Now, although these are still carried out,
their practical usefulness is much less, since it has
been observed repeatedly that there is no correla-
tion between increases in BMD and decreased risk
of fracture”'®. Thus, with such small increases in
BMD, such as 5.4%, a decrease in the risk of frac-
ture of 41% has been observed in the case of rise-
dronate™®. Also, in the PROOF study, carried out
on calcitonin®, a reduction in risk of fracture was
observed in spite of no changes in BDM being
observed. These findings bring to light the impor-
tant role played by what is now called bone quali-
ty, as much in the physiopathology of osteoporosis
as in bone resistance***.

It is also a rule that patients should be ran-
domly assigned to a treatment or control group, in
such a rigorous way that it is subsequently confir-
med that there are no statistically significant diffe-
rences between the groups in their baseline cha-
racteristics, with the single exception being the
treatment received by one or the other. Thus, the
differences subsequently observed can be attribu-
ted to the drug. However, although methodologi-
cally impeccable, in this type of study the patients
in the control group (who, equally to the cases,
presented a high risk of suffering fractures) recei-
ved, up ‘til now, only calcium and vitamin D, as
well as the placebo. This has provoked an interes-
ting debate from an ethical point of view*%.

Another important matter, essential for studies
of osteoporosis, is that the sample size should be
large. Gone are the days when conclusions were
taken on the basis of studies carried out with a few
dozen patients. Nowadays, such work is carried
out with sample sizes of some thousands of
patients. This, on the one hand has the advantage
of offering much more solid statistical rigor, but on
the other hand, brings the inconvenience of a sig-
nificantly more costly project proposal, in which,
in practice, all studies have to be multi-centred.
When databases with this number of patients are
handled, it is possible to carry out robust statistical
studies, which reach unequivocal conclusions,
and, in addition, allow the study of specific sub-
populations which begin to reach a respectable
size, and to carry out post-hoc analyses.

The studies are usually carried out with a dura-
tion of approximately 3 years. When the follow-up
is extended for a longer period there is usually a
significant number of cases lost, and the final sam-
ple size cane become so reduced that it becomes
difficult to evaluate the results.
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Table 1 shows the criteria proposed by the
Centre for Evidence-Based Medicine (CEBM) in
Oxford, with hierarchical scales of evidence, from
which are established recommendations with res-
pect to the adoption of a specific medical proce-
dure or health intervention, as well as an econo-
mic evaluation'>*?®. These are available at
http://www. cebm.net/levels_of_evidence.asp,
and are kept continually updated.

2. Material and methods
This position document has been produced fol-
lowing the criteria of the Working Group of
Evidence-Based Medicine for the development of
Guides to Clinical Practice!®!1322031 a5 well as
the criteria proposed by the Centre for Evidence-
Based Medicine (CEBM) of Oxford, with scales for
hierarchical classification of evidence, from which
have been established recommendations with
respect to the adoption of a specific medical pro-
cedure or health intervention, as well as an eco-
nomic evaluation®** (Table 1).

The content of this position document has
been developed in the following stages:

a) Meeting of a group of experts on osteoporo-
sis to raise the relevant clinical questions (Table 2).

b) Creation of a systematic review team,
formed of two experts in bone mineral metabo-
lism to carry out the search, standard review, crit-
ical analysis and tabulation of relevant articles
which were published in Castilian and in English
from January 1980 to May 2008. The search was
carried out using the MeSH terms (Medical Subject
Headings) of the National Library of Medicine of
National Institutes of Health — (US), related to the
theme. With these terms, the following databases
were consulted: PubMed, Medline Plus, Cochrane
Library, Up to Date and Ovid. Similarly, an
ascending search was made of the clinical practice
guides previously published on the theme, and
articles suggested by the group of experts' 235,

©) The articles with the highest level of evidence
available for each question asked were included.
The works were classified and scored by two inde-
pendent evaluators on the basis of the criteria pre-
viously described. In the case of disagreement, the
decision was submitted to the committee of experts.

d) Subsequently, according to the results
obtained in the search and classification of the avail-
able evidence, a draft of the position document was
produced by the group of clinical experts to
respond to the questions previously formulated and
to agree the recommendations, taking into account
social, economic and health repercussions. In the
case of disagreements a majority opinion was
formed, making clear the lack of unanimity.

3. Results

3.1. Calcium and vitamin D

We had available various studies which compared
the reduction in risk of fracture when only calci-
um and vitamin D were used, with the control
group receiving absolutely nothing, taking a true
placebo. Although there are various published

Table 1. Level of evidence. CEBM Oxford

Level
of Type of study
evidence
1a Systematic review of randomised
clinical trials, with homogeneity
Randomised clinical trial with
1b ' .
narrow confidence interval
lc Clinical practice (“all or nothing”) (*)
5 Systematic review of cohort studies,
a . ;
with homogeneity
ob Cohort study or randomised
clinical trial of low quality (**)
“Outcomes research” (1),
2¢ . :
ecological studies
34 Systematic reviews of case-control
studies, with homogeneity
3b Case-control study
4 Series of cases or studies of cohorts or
case-control studies of low quality (2)
Opinion of experts without explicit cri-
5 tical validation, or based on physiology,
"bench research" or "first principles" (3)

A minus sign (-) should be added to indicate that
the level of evidence is not conclusive if:

- it is a randomised clinical trial with a broad con-
fidence interval and not statistically significant.

- it is a systematic review with statistically signifi-
cant heterogenaeity.

(*) Met when all patients died before the Rx became
available, but some now survive on it; or when
some patients died before the Rx became available,
but none now die on it.

(**) For example, with a follow up lower than 80%.
(1) The term “outcomes research” makes reference
to cohort studies of patients with the same diagno-
sis which relate the events which bappen to them to
the therapeutic measures they receive.

(2) Cohort study: without clear definition of the
comparative groups, and/or without objective
measurement of the exposures and events (prefer-
ably blind), and/or without identifying or control-
ling adequately known as being variables that may
lead to confusion, and/or without complete or suf-
ficiently prolonged follow up. Case-control study:
without clear definition of the groups compared,
andy/or without objective measurement of the expo-
sures and events (preferably blind), and/or without
identifying or controlling adequately the known
confusing variables.

(3)The term “first principles” makes reference to the
adoption of specific clinical practice based on phys-
iopathological principals.




Table 2. Questions produced by the panel of
experts

1. Do calcium and vitamin D supplements, in
themselves, reduce the risk of fragility-related
fractures?

2. Are calcium and vitamin D supplements
indicated with other pharmacological
treatments for postmenopausal osteoporosis?

3. How many calcium salts are used in the treat
ments of osteoporosis and how much calcium
element does each contain?

4. Is there a difference in the absorption of
calcium between the different salts?

5. What would be the ideal model for the
administration of calcium?

works which confirm these findings, we preferred
to refer ourselves to the meta-analyses (Table 3)
because this type of study has the maximum level
in the hierarchy of evidence established by the
Centre for Evidence-Based Medicine in Oxford
(CEBM). Thus, Bischoff-Ferrarri et al.*, published
a meta-analysis in JAM in 2005 in which they
analyse the effect of calcium and vitamin D in the
prevention of hip and non-vertebral fractures. The
period of review covered from 1960 to 2005, and
in the end they were able to include 5 studies of
hip fracture which were carried out with a total of
9294 patients, and 7 studies of non-vertebral frac-
tures which included 9820 patients. The authors
observed that at a dose of 700-800 Ul/day of vita-
min D, the reduction in risk of fracture of the hip
was 26% (relative risk, RR:0.74; IC 95%: 0.61-0.88)
and for non-vertebral fractures, 23% (RR: 0.77; 1C
95%: 0.68-0.87), whilst with lower doses of vitamin
D, below 400 Ul/day, no protection against frac-
ture was observed [Level of evidence 1al.

Subsequently, Boonen et al.® deepened the
earlier meta-analysis of Bischoff-Ferrari and found
that in 4 randomised clinical studies which includ-
ed 9083 patients, the relative risk of fracture of the
hip was not statistically significant (RR: 1.10; IC
95%: 0.89-1.36). Whereas, in the 6 randomised
studies in which calcium and vitamin D was
administered, which included 45509 patients, the
risk of fracture of the hip was reduced by 18% (RR:
0.82; IC 95%: 0.71-0.94). There was no heterogene-
ity observed among the studies, and an adjusted
indirect comparison of the combination of relative
risks of both meta-analyses obtained a reduction in
the risk of fracture of 25% in patients having
received calcium and vitamin D as opposed to
those only having received vitamin D (RR: 0.75; IC
95%: 0.58-0.96) [Level of evidence 1al.

More recently, Tang et al.°, carried out anoth-
er meta-analysis, using 29 randomised studies
which included a total of 63897 patients, analysing
both the reduction in relative risk of all fractures,
and the increase in bone mineral density. Studying
publications in which the principal objectives
were the reduction in risk of fracture, they
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obtained 17 studies which included a total of
52625 patients. In these were found a reduction of
12% in the risk of suffering new fractures due to
fragility (RR: 0.88: IC 95%: 0.83-0.95; p= 0.0004).
They concluded that the evidence supported the
use of calcium, or calcium combined with a vita-
min D supplement, in the treatment of osteoporo-
sis in people of 50 or more years of age, and for
a maximum therapeutic effect, a dose of 1,200
mg/day of calcium and 800UI/day of vitamin D
was necessary [Level of evidence 1al.

On the other hand, vitamin D supplements
reduce the risk of falls, which indirectly influences
the risk of fracture. Thus, in a meta-analysis pub-
lished by Bischoff-Ferrari et al.” based on 5 ran-
domised clinical studies in which 1237 patients
were included, it was observed that vitamin D cor-
rected the risk of falls by 22% (adjusted OR: 0.78;
IC 95%: 0.64-0.92) compared with patients who
had received only calcium or placebo [Level of
evidence 1al.

3.2. Calcium and Vitamin D with anabolic
drugs

We referred for each drug to the most representa-
tive or pivotal study, the study usually used by the
pharmaceutical industry to obtain approval for the
treatment of osteoporosis, both in the Untied
States and in the European Union.

Among the anabolic drugs, PTH 1-34, or teri-
paratide, showed its capacity to reduce the
appearance of new vertebral fractures in a study
carried out in 1637 postmenopausal women with
at least one vertebral fracture, and who were ran-
domly assigned to one of three of the following
groups for treatment: PTH 1-34 (20 ug or 40 ug),
or placebo, daily, subcutaneously, for 3 years. In
all these cases 1000 mg daily of calcium and 400-
1200 Ul/day of vitamin D were also administered.
A reduction of 65% in the relative risk of suffering
new vertebral fractures was observed in those
women who received 20 ug of teriparatide, com-
pared with the placebo group (RR: 0.35; IC 95%:
0.22-0.55), and of 69% in the group which
received 40 ug, as against the placebo group (RR:
0.31; IC 95% 0.19-0.50)* [Level of evidence 1b].

Another study called TOP (Treatment of
Osteoporosis with PTH), was carried out with the
intact molecule of PTH (1-84), in which a reduc-
tion in the risk of vertebral fracture was shown.
Carried out in 2532 women with postmenopausal
osteoporosis, it consisted, the same as the earlier
studies, of a double blind randomised trial con-
trolled by placebo. The patients were assigned to
one of two following treatment groups: PTH (1-
84) 100 wg/day, or placebo, subcutaneously. The
study lasted 18 months. Once more, all patients in
the study were given 700 mg daily of calcium cit-
rate and 400 UI of vitamin D. A reduction of 61%
in the risk of new vertebral fractures was obtained
in the women in the group who received intact
PTH compared with the control group. The rela-
tive risk was 0.42 (IC 95%: 0.24-0.72; p< 0.001)*
[Level of evidence 1b].
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Table 3. Meta-analysis which analyses the effect of vitamin D and calcium, alone or together, on the risk of

fracture
Meta-analysis N° of o c
first author | Year studies Group treated Di‘ug d ./0 r?‘i:mtflon VEUED Et
(Citation) et analyse in risk of Fx P
. . . Vitamin D > 700-800 Ul/day:
B1sch((>£f4—1;errdr1 2005 57((§1\I]) 15));()) > 60 years vs calcium Hip Fx: 26% -
or placebo NV Fx: 23%
Postmenopausal Vitamin D,
Boonen . i with or Vitamin D + calcium: _ -
(45) 2007:1 10 (Hip F) xg;niignde/;‘; without Hip Fx: 18% p=0.0005
year calcium
Calcium,
Tang 29 Men and women with or o _
(46) 2007 randomised > 50 years without 12% p= 0.0004
vitamin D

Fx: fracture; NV: non-vertebral

3.3. Calcium and vitamin D with anti-resorp-
tive drugs

Etidronate was used by Storm et al. in a study pub-
lished in 1990 and carried out in 66 postmenopausal
women, in which the group which received the
etidronate took it at a rate of 400 mg daily for 14
days, with a 13 week break, followed by a repeat of
the cycle. The group which received etidronate and
the placebo group both received a supplement of
calcium and vitamin D. The study lasted 150 weeks
(3.1 years) and obtained a statistically significant
reduction in the appearance of new vertebral frac-
tures (p< 0.02)* [Level of evidence 1b].

Alendronate. The FIT (Fracture Intervention
Trial) study, randomised double blind placebo-con-
trolled, was designed to observe the effect of alen-
dronate on the incidence of vertebral and non-verte-
bral fractures in postmenopausal women with low
bone mass. The research involved 6459 post-
menopausal women with bone mineral density
(BDM) in the femoral neck 0.68 g/cm? (a T-score
equivalent to -1.6 approximately), who were distrib-
uted in two branches of the study: in one, those
women with vertebral fracture at the baseline; and in
the other group, the women with no such fracture.
The study of the first branch was carried out in 2027
postmenopausal women with a least one vertebral
fracture, who were assigned randomly to one of the
two following groups for treatment: alendronate at 5
mg/day, or placebo. The dose of alendronate was
increased in the first group to 10 mg/day at 24
months from the start of the treatment.
Complementary treatment with calcium carbonate
(500 mg of the element calcium) and vitamin D (250
UD was given daily to those women who had a diet
low in calcium (< 1,000 mg/day), who made up 82%
of the participants in the study. At the end of the
three years they were tracked 2.3% of the women
who took alendronate suffered a new clinical verte-
bral fracture, as opposed to 5% of the women taking
the placebo, the relative risk being equal to 0.45 (IC

95%: 0.27-0.72). That is to say, the risk of suffering a
new vertebral fracture is reduced to almost half in the
patients treated with alendronate at the end of 3
years. The second branch of the study was carried
out in 4432 women with low bone mass but without
vertebral fracture, with random assignment to the two
same treatment groups as with the previous branch
(with an equal increase in the dose of alendronate at
24 months and equal conditions of calcium and vita-
min D supplements). The results show that the risk
of suffering a first vertebral fracture were significant-
ly less in those treated with alendronate, with a
reduction of 44% (p< 0.002)" [Level of evidencel.

Risedronate. The pivotal study for risedronate
is named VERT (Vertebral Efficacy with Risedronate
Treatment). This randomised, double blind, place-
bo-controlled study, also consisted of two branches,
one north American (NA) and the other European-
Australian (EA). In the first study 2458 post-
menopausal women, younger than 85 and with
either at least two vertebral fractures or one verte-
bral fracture and a low bone mass (T-score < -2),
were included. Each patient was assigned to receive
one of the following treatments: a) risedronate at 2.5
mg/day; b) risedronate at 5 mg/day; and ¢) a place-
bo. All the women received a supplement of calci-
um carbonate (1000 mg/day) in a single dose at
lunch or dinner, and those who presented low lev-
els of 25 (OH) vit D (< 16 ng/ml or 40 nmol/])
received vitamin D (500 UD. The group which
received 2.5 mg of risedronate left the study after a
year due to a protocol correction. At 3 years there
was a significant reduction in the relative risk of
morphometric vertebral fracture of 41% (IC 95%: 18-
58%; p= 0.003) in patients treated with 5 mg of rise-
dronate with respect to the placebo group, and
already in the first year a reduction of 65% (IC 95%:
38-81%) was seen, also significant (p< 0.001). The
accumulated incidence of non-vertebral fractures at
3 years was 39% less in the group treated with rise-
dronate (IC 95% 6-61), a significant figure (p= 0.02).



In the European-Australian branch 1226 post-
menopausal women were recruited with at least
two vertebral fractures. The treatment groups were
equal, including the calcium and vitamin D supple-
ments, as well as the duration of the study. The
group on 2.5 mg of risedronate abandoned the trial
after 2 years. The reduction in the risk of incidence
of vertebral fracture was 49% with risedronate at 5
mg as opposed to the placebo after 3 years of treat-
ment (p< 0.001). A reduction of risk with rise-
dronate was also seen during the first year, being
61% (p= 0.00D). The risk of non-vertebral fractures
was reduced by 33% compared with the control
group at 3 years (p= 0.06)>* [Level of evidence 1b].

Subsequently, another study was published
whose objective was to analyse the reduction in the
incidence of hip fractures. Named the HIP (Hip
Intervention Program) study, it included 9331
women who fulfilled one of the following two crite-
ria: aged 70-79 years, with osteoporosis (n= 5445); or
aged > 80 years with at least one clinical risk factor
(non-densitometric) for hip fracture. They were
assigned to one of 3 the treatment groups indicated
in the VERT study, also over 3 years. The results,
analysed for all the women, showed that risedronate
diminishes the incidence of hip fractures in 30% (IC
95%: 10-40%; p= 0.02). In the group of women with
osteoporosis (70-79 years of age) the reduction in
risk in those treated with risedronate was 40%
(IC95%: 10-60%; p= 0.009). The reduction in risk of
hip fracture in the group of women with non-densit-
ometric risk factors (RR: 0.8; IC 95%: 0.6-1.2; p=
0.35), was not, however, significant. The design
being identical to the early studies, the supplements
of calcium and vitamin D were also of calcium car-
bonate (1000 mg/day) in a single dose at lunch or
dinner, and those who presented low levels of 25
(OH) vit D (< 16 ng/ml or 40 nmol/l) received vita-
min D (500 Ul/day)* [Level of evidence 1b].

Ibandronate has, as its reference study, a study
called BONE (Oral Ibandronate Osteoporosis
Vertebral Fracture Trial in North America and
Europe). It consist of a randomised double blind
study controlled by placebo, and was carried out in
2946 postmenopausal women with a BMD T-score
of < -2 in at least one lumbar vertebra (L1-L4), and
between 1 and 4 vertebral fractures (T4-L4). Each
patient was assigned to one of the following treat-
ment groups: a) 2.5 mg of oral ibandronate daily;
b) 20 mg of oral ibandronate on alternate days until
12 doses had been taken, repeated every 3 months;
and ¢) placebo. All the patients received calcium
daily, (500 mg of calcium element) and vitamin D
supplements (400 UD). By tracking over three years
a significant reduction in risk of incidence of new
morphometric fractures was noted in the women
who took oral ibandronate, both daily (reduction of
62%; p= 0.0001; IC 95%: 43-75) and intermittently
(50%; p= 0.0005; IC 95%: 26-65), compared with the
placebo group. With respect to clinical vertebral
fractures, a reduction in relative risk of 45% was
produced in the 2.5 mg ibandronate group and of
48% in the 20 mg group” [Level of evidence 1bl.
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Zoledronate. The last biphosphonate which has
been accepted for use in the treatment of osteoporo-
sis is zoledronate, and its reference study is called
HORIZON (The Health Outcomes and Reduced
Incidence with Zoledronic Acid Once Yearly). It
shows a reduction in vertebral and hip fractures in
postmenopausal women treated with 5 mg of zole-
dronate annually, given intravenously, along with
daily supplements of calcium (1000 to 1500 mg) and
vitamin D (400 to 1200 IU). It was a randomised
double blind study in which 3889 women, with an
average age of 73 years received 5 mg of intravenous
zoldronate, while 3786 women formed the control
group. The study lasted 3 years and the principal
objectives were the reduction in risk of vertebral and
hip fracture. The results showed a decreased risk of
vertebral fracture at 3 years of 70% (3.3% in the
group treated as opposed to 10.9% in the placebo
group), which shows a relative risk of 0.30, with an
IC 95% of 0.24 to 0.38, and a reduction in risk of hip
fracture of 41% (1.4% in the group treated with zole-
dronate as opposed to 2.5% in the placebo group;
hazard ratio of 0.59, with an IC at 95% of 0.42 to
0.83). The non-vertebral fractures, clinical fractures
and clinical vertebral fractures were reduced by 25%,
33% and 77% respectively, with p< 0.001 in all
cases™ [Level of evidence 1b].

Raloxifen. The principal study which demon-
strates the efficacy of raloxifen is MORE (Multiple
Outcome Research): multi-centric, randomised, dou-
ble blind, placebo-controlled, carried out in 7705
women with at least 2 years of menopause and who
fulfil the densitometric criteria for osteoporosis. The
patients were assigned randomly to one of the fol-
lowing treatment groups: a) 60 mg/day of raloxifen;
b) 120 mg/day of raloxifen; and ¢) placebo, and they
were followed for 3 years. All the women received,
in addition, a supplement of calcium (500 mg/day)
and of vitamin D (400-600 Ul/day of colecalciferol).
At the end of the study the risk of morphmetric ver-
tebral fracture was reduced in both groups treated
with raloxifen as against the placebo (raloxifen 60
mg, RR: 0.7; IC 95%: 0.5-0.8; raloxifen 120 mg, RR:
0.6; 1C 95%: 0.4-0.7; which supposes a reduction of
30% and 40%, respectively)” [Level of evidence 1b].

Calcitonin Calcitonin has its reference study in
PROOF (Prospective Reduction of Osteoporotic
Fractures) a randomised, double blind, placebo-
controlled trial carried out in 1255 postmenopausal
women with established osteoporosis. The treat-
ment groups to which they were assigned were:
intranasal salmon calcitonin at doses of 100, 200 and
400 UI daily, and a placebo group. All the women
received 1000 mg daily of calcium element divided
into two doses and 400 Ul/day of vitamin D.

This is one of the few studies designed with a
follow up of 5 years, at the end of which it was
observed that the daily dose of 200 UI salmon cal-
citonin produced a decrease of 33% in the risk of
new vertebral fractures compared with the place-
bo (RR: 0.67; IC 95%: 0.47-0.97; p< 0.03)* [Level of
evidence 1b].
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Table 4. Pivotal studies with drugs used in the treatment of osteoporosis in postmenopausal women.
Principal objective: incidence of fractures

Dru Name of Year First author Group treated Calcium and Follow up
8 study (citation) P Vitamin D period
. j Storm Women with pos- Calcium and vitamin o
Ftidronate - 1990 (50) tmenopausal OP D (quantities NA) 5 years
Calcium Carbonate
(500 mg/day of
Bae | ommen bty | caium elemeny
Alendronate FIT 1996 51 with VFx/without and vitamin D 3 years
VF (250 Ul/day) if diet
X . f
low in calcium
(<1,000 mg/day)
Postmenopausal
Harris/Reginster | Omen < 85 years
VERT 1999/2000 (52 /S%) with at least 2 VFX | Calcium carbonate 3 years
or one VFx and low [ (1,000 mg/day),
DMO (T-score < -2) [ and vitamin D
Risedronate Women of 7079 Eé()lg)[ill/t dgyi 11f625
years and osteoporo- ne/ml or 40
McClung sis; or aged = 80 &
HIP 2001 (54) years with at least nmol/l 5 years
one clinical risk
factor for hip Fx
Postmenopausal Calcium (500
Chesnut women with T-score mg/day) and
Ibandronate BONE 2004 < -2 in at least one SO 3 years
(55) vitamin D (400
lumbar vertebra and Ul/day)
between 1-4 VFx Y
Women with densito- .
. . Calcium (100-
Black metric OP Wlth T 1,500 mg/day)
Zoledronate | HORIZON 2007 score < -2,5 without O 3 years
56) fractures; or T-score and vitamin D
<255 51 VFx (400-1,200 Ul/day)
Women with > 2 Calcium (500
: Ettinger years of menopause | mg/day) and .
Raloxifen MORE 1999 57) with densitometric | colecalciferol 3 years
OP (400-600 Ul/day)
Postmenopausal Calcium (1,000 3 years
Teriparatide - 2001 Neer women with at least mg/ dgy) and initially (19
(48) one VFx vitamin D (400- months)
1,200 UI/day) )
Postmenopausal Calcium citrate
Greenspan women of 45 to 54 (700 mg/day)
PTH intacta TOP 2007 ; years with T-score Lo 18 months
(49) = and vitamin D
< -3; or T-score (400 UL/day)
< 25 plus 1-4 VFx Y
Postmenopausal Calcium
Reginster women with T-score (>1,000mg/day) 5 years
TROPOS | 2005 < -25; or, if > 70 A LULIMS . >
(58) years, also with 1 and vitamin D (first 3 years)
P 400-800 UI/ da
Strontium risk of Fx ¢ y)
ranelate Postmenopausal Calcium
. women (> 5 years),
SOTI 2004 Meunier | 004 >50 years, with | 1,000mg/day) 3 years
59 and vitamin D
at least 1 VFx and (400-800 Ul/day)
DMO < 0.84 g/cm? Y
Calcium (1,000
Chesnut Postmenopausal mg/day) and
Calcitonin PROOF 2000 women with S 5 years
QD vitamin D

established OP

(400 Ul/day)

OP: osteoporosis; BMD: bone mineral density; Fx: fracture; VFx: vertebral fracture; NA: not available




3.4. Calcium and Vitamin D with dual action
drugs. Strontium Ranelate

Strontium ranelate is a dual action drug, anabolic
and anti-resorptive, with which the TROPOS study
was carried out to evaluate its efficacy in the pre-
vention of non-vertebral fractures, and the SOTI
study, for the prevention of vertebral fractures.

The TROPOS (Treatment of Peripheral
Osteoporosis Study) study was carried out in 5091
postmenopausal women affected by osteoporosis to
whom were administered, randomly, either 2 g/day
of strontium ranelate or a placebo. All the women
received daily supplements of calcium (> 1000 mg)
and vitamin D (400-800 UD before and throughout
the study. The study lasted over 5 years, with the
first statistical analysis carried out after 3 years. It
was observed that the women who received stron-
tium ranelate plus calcium and vitamin D presented
a decrease in relative risk for all non-vertebral fac-
tures of 16% (p= 0.04) and a decrease of 19% for the
most important fragility-related fractures Chip, wrist,
pelvis, sacrum, humerus, etc.), with p= 0.031%
[Level of evidence 1b].

In the SOTI (Spinal Osteoporosis Therapeutic
Intervention) study, 1649 postmenopausal women
who had densitometric osteoporosis and at least
one vertebral fracture, were included. They were
randomised and the group which received treat-
ment was given 2 g of strontium ranelate daily over
3 years. Both the group which had been given the
strontium and the placebo group received a sup-
plement of calcium and vitamin D in a similar way
as the previous study: depending on the intake of
calcium in the diet at least 1000 mg daily of calci-
um, and, depending on the baseline levels of 25-
hydroxivitamin D, a daily dose of 400 to 800 UT of
vitamin D, were administered. In the women treat-
ed a reduction of 41% in the risk of presenting new
vertebral fractures was obtained (RR: 0.59; IC 95%:
0.48-0.73)* [Level of evidence 1b].

Table 4 shows a summary of these studies. It is
observed that in all of them the drug being stud-
ied was always administered with a supplement of
calcium and vitamin D.

3.5. Absorption and dosage of calcium and
vitamin D
The higher the dose of calcium administered in
one go the lower its fractional absorption. Thus,
Heaney et al.® in healthy volunteers, using
radioactive calcium to assess the absorption of cal-
cium, observed that with the administration of 300
mg of calcium 36% of the mineral was absorbed,
while if 1000 mg of calcium was administered its
absorption was reduced to 23.5%. In the same
study, the authors verified that when administered
with meals the absorption of salts of calcium (car-
bonate and citric) was similar.

The same authors carried out a similar study in
24 postmenopausal women to whom they admin-
istered an excess of calcium, taken orally, both cit-
rate and carbonate of calcium, in repeated doses,
and analysed the increases in total blood calcium,
and blood ionic calcium, the decrease in PTH and
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the increase in the urinary excretion of calcium,
arriving at the conclusion that the absorption and
bio-availability of the carbonate and citrate of cal-
cium is similar, but that the lower price of the car-
bonate makes it more recommendable, from a
cost-benefit point of view of°.

On the other hand, different doses of calcium
also affect in different ways changes in the levels of
PTH. Karkkainen et al. carried out a study in 30
young healthy women to study these dose-depend-
ent effects on the calciotropic hormone and found
no evidence of there being more or less benefit in
taking them in the morning or the evening®. From
the physiopathological point of view it would prob-
ably be more useful in people with low intake of
calcium to divide the daily dose to reduce the lev-
els of PTH and bone resorption®.

The absorption of calcium is similar, independent
of the source. A study carried out by Recker et al.
compared the absorption of radioactive calcium
(45Ca) in a group of healthy volunteers, administer-
ing it through means of whole milk, milk with choco-
late, yoghurt, milk substitutes (those prepared using
milk derivatives or not), cheese and calcium carbon-
ate. The absorption of calcium varied between 21%
and 26% and not one type of administration was sig-
nificantly superior to the rest*.

For these reasons the Osteoporosis Society of
Canada recommended that calcium supplements
be administered in divided doses®. More recently,
the North American Menopause Society in their
2006 recommendations indicated that to maximise
its absorption calcium supplements should be
taken in doses of 500 mg of calcium element, or
less, throughout the day and with meals®. The
consumption of calcium supplements with meals
can also minimise the possible, although infre-
quent, secondary effects.

Calcium salts available on the Spanish market
There are various calcium salts which are now avail-
able and approved for sale in our country: calcium
carbonate, pidolate, phostate, acetate and lactate.
There are many pharmaceutical preparations which
contain these salts, and their calcium element con-
tent varies from one to the other, the most common
quantities being between 0.5 and 1g. According to
data provided by IMS Health, the company charged
with carrying out market studies of pharmaceutical
products covering 90% of the country and extrapo-
lated to the rest, calcium carbonate is the type of cal-
cium salt most used in our country, with an annual
growth rate higher than the others.

3.6. The importance of complementary thera-
PY in osteoporosis

Adherence to treatment has recently been recog-
nised as a key factor for the successful treatment
of osteoporosis”. As might be expected, patients
who take their medicine for osteoporosis regular-
ly have the best results, both with regard to
changes in bone mineral density, and, more
importantly, in the reduction in the rate of frac-
tures and decrease in mortality.
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Thus, a study published by SIRIS et al.® based
on a broad population of postmenopausal women
over 45 years of age, for whom had been indicated
a biphosphonate as treatment for osteoporosis,
observed that after 2 years of follow up, those
women who took the treatment correctly (43%) had
a reduction in risk of fractures, both vertebral and
non-vertebral, of 21% compared to the 57% of
patients which did not follow the treatment correct-
ly. Similar results had previously been published by
Caro et al.”, who found a reduction in the appear-
ance of new fractures of 16% between those
patients who complied as against those who did
not. In this study, the follow up period was 2
years, and the drugs being evaluated were calci-
tonin, THS and the biphosphonates. The same
authors repeated this study using a broader data-
base, with a cohort of more than 38000 women
affected by osteoporosis, and obtained the same
figures: the lack of adherence to treatment was
associated with an increase in risk of fracture of
17% after a follow up after 1.7 years™.

Various studies have also endorsed these
results. Hence, McCombs et al.”* carried out simi-
lar work, studying the adherence of a population
of 58109 postmenopausal women of more than 55
years of age, diagnosed with osteoporosis, which
showed that adherence to treatment over a period
of 1 year translates into a greater reduction in risk
of fracture, in both hip and vertebrae.

4. Recommendations of the panel of
experts

1. There is evidence at the highest level (1st, grade
of recommendation A) that calcium and vitamin D
supplements themselves reduce the risk of verte-
bral, non-vertebral and hip fractures, but at a min-
imum dose of 800 Ul/day of vitamin D. In relation
to calcium, the maximum benefit is obtained with
doses equal to or greater than 1200 mg/day.

2. All the studies carried out with drugs which
have been shown to reduce the risk of fracture in
menopausal osteoporosis have used calcium and
vitamin D supplements, for which reason it is
advisable that all drug treatments indicated, be
they anabolic, anti-resorptive, or dual action, be
administered with calcium and vitamin D supple-
ments. It is recommended that the measures
intended to guarantee the compliance with treat-
ment be reinforced and improved.

3. The calcium salts on the market in our country
(Spain) for the treatment of osteoporosis are: cal-
cium carbonate, pidolate, phostate, acetate, and
lactate, with calcium carbonate being the most
used. There are many pharmaceutical prepara-
tions which contain these salts, and their calcium
element content varies from one to another, with
the most common quantities being between 0.5
and 1 g.

4. The absorption of the different calcium salts is
similar, as long as they are administered with
meals.

5. The ideal model for the administration of calci-
um is in divided doses and with meals.
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