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The aging of the population in indus-
trialized countries appears to be a
non-reversible phenomenon. Increase
in life expectancy, due in great part
to the improvement of healthcare,
combined with a drastic decrease in
birth rates has led to this situation.
The world demographic situation has
shifted from a pattern of high birth
rates and high mortality rates to one
of low birth rates and delayed mor-
tality [10].

In Europe, the proportion of sub-
jects over 65 was 10.8% in 1950,
14% in 1970, 19.1% in 1995 and is
projected by some sources at 30.1%
in 2025 and 42.2% in 2050. The pro-
portion of subjects over 75 has grown
from 2.7% in 1950 to 5.2% in 1995
and is projected at 9.1% in 2025 and
14.6% in 2050 [8]. These figures take
into account the whole of Europe.
When only western Europe is con-
sidered, the proportion of individuals
over 65 should be over 50% in 2050.
These numbers are just a little smaller
in the USA [15]. However, this trend
is not limited to industrialized coun-
tries: the developing countries’ share
of the world’s population above 65 is
projected to increase from 59% to
71% [10].

The global consequences of this
distortion of the age pyramid on
healthcare development, access and
costs are huge [4]. In the USA ap-
proximately 80% of all individuals
over 65 have at least one chronic
condition and 50% have two [11].

Approximately 59% of US residents
over 65 are affected by osteoarthritis,
which is the main cause for disability
[3].

All this results in a highly differ-
ential distribution of healthcare-
related costs heavily skewed towards
the elderly population. Costs per
capita increase gradually up to the
55–64 age group, and then the costs
increase very rapidly and explode af-
ter over 85 years [7]. Aging alone
will generate an increase of more
than 30% in real per capita health-
care expenditures by 2030 [7].

Back and neck pain are among
the most frequently encountered
complaints of older people and the
nature of the spine renders those
problems highly complex to investi-
gate and to treat.

The spine is a very specific anat-
omic and functional unit. Whereas
degenerative knee or hip changes
visible at imaging will not be found
in all elderly subjects, nearly all will
exhibit spinal degeneration. Further-
more, few patients with severe go-
narthrosis or coxarthrosis are symp-
tom free, while many subjects with
severe spinal degenerative images
will be asymptomatic. This was
demonstrated by several high-quality
studies [1]. Furthermore, the exis-
tence of degenerative images on
MRI of symptom-free subjects does
not predict in any way subsequent
complaints after several years [2].
The relation between the aging and
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elopathy [46]. Ten distinct mechanisms have been impli-
cated in the development of neural element dysfunction in
patients affected by PD:

1. Compression of the neural elements by pagetic bone
overgrowth [31, 46, 76]

2. Compression by pagetic intraspinal soft tissue [46,
51] (Fig. 16)

3. Ossification of the epidural fat similar to ankylosing
spondylitis [20]

4. Neural ischemia produced by blood diversion, caus-
ing the so-called “arterial steal phenomenon” [16, 59,
64, 103] (Fig. 17)

5. Interference with blood supply to the cord due to ar-
terial compression by the expanding pagetic bone
[123] or other factors not well defined [91]

6. Vertebral fracture or atlantoaxial subluxation [124, 135]
7. Platybasia with impingement on the medulla [28]
8. Spinal cord compression by epidural hematoma from

spontaneous bleeding [81, 110]
9. Formation of syringomyelia as a complication of PD

of the spine, especially after cranial settling (basilar
invagination) [35, 110], and

10. Rarely, neurocompression can be caused by pagetic
sarcomatous degeneration [67].

Bone compression by the expanding pagetic vertebrae is
by far the most common cause of neural dysfunction [46];
it was first reported by Wyllie in 1923 [136]. However, se-
vere stenosis, as seen on computed tomographic (CT) scan,
may remain asymptomatic, suggesting adaptability of the
thecal sac and its neural elements to severe spinal stenosis
without significant loss of function [124].

The mechanism of neural ischemia is, however, still
hypothetical, and supported only by circumstantial evi-
dence. For example, patients with spinal cord symptoma-
tology respond to calcitonin treatment better than patients
with spinal nerve root lesions [28]; some patients experi-
ence progressive deterioration of neural function without
evidence of myelographic block, which is not easily ex-
plained by mechanical effect alone [117]; neurologic signs
do not always correlate with the site of skeletal involve-
ment; and rapid clinical improvement occurs in some pa-
tients with medical antipagetic treatment alone. These ob-
servations suggest that neural dysfunction in PD may also
result from mechanisms other than simple bone encroach-
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Fig. 15 a Lateral radiograph
of the lumbosacral junction
demonstrating mixed phase
Paget’s disease of the first
sacral segment with moderate
narrowing of the L5-S1 disc
space. b Pagetic bone exten-
sion across the disc space with
adjacent anterior bridging with
sclerotic bone noted 3 years af-
ter the initial radiograph. c The
corresponding axial CT scan of
the L5-S1 disc demonstrates
pagetic bone within the disc.
d Lateral tomogram demon-
strating the intradiscal bone ex-
tension from the adjacent S1
vertebra resulting in complete
bony ankylosis 4 years after
the initial radiograph. [Re-
printed, with permission, from
Lander P, Hadjipavlou A (1991)
Intradiscal invasion of Paget’s
disease of the spine. Spine 16:
46–51]



ment on the neural element [32, 47, 64, 74, 103, 134,
136], such as deprivation of blood supply to the neural el-
ements by the rapidly remodeling hypervascular pagetic
bone, which produces “arterial steal phenomenon”.

Other associated conditions

Malignant transformation

Malignant transformation is the most dreaded complica-
tion of PD of bone. Fortunately, this complication is rela-
tively rare, occurring in about 0.7% [52] of cases. In our
series of PD patients [52, 53] we have not seen any cases
with sarcomatous degeneration in the spine. In Schajow-
icz et al. [120], of 62 patients with sarcomatous transfor-
mation, five of the sarcomas occurred in the spine. Surgi-
cal decompression offers little, if any, true relief of pain,
with the longest survival reported at just over 5 months
[67].

One should be aware of the appearance of “pseudosar-
coma” or “pumice bone,” which is a localized extracorti-
cal periosteal pagetic bone expansion or a bulky juxtacor-
tical soft tissue mass, giving the erroneous appearance of
sarcomatous transformation [62, 78] (Fig. 18).

Rheumatic and arthritic conditions

Forestier’s disease, or disseminated idiopathic hyperosto-
sis (DISH), can frequently affect patients with PD. How-
ever, care should be taken not to confuse DISH with Paget’s
extraosseous bone formation [15]. The incidence of DISH
in PD was reported to range from 14% [48] to 30% [5].
Pagetic tissue may invade the hyperostotic lesions pro-
duced by DISH and transform them into pagetic exostosis
[46], which may progress to vertebral ankylosis [89].

PD has also been noted to be associated with an in-
creased incidence of gout [40] and pseudogout [105]. These

conditions, however, are not clearly implicated in the pro-
duction of back pain. One has to keep in mind that treat-
ment with sodium etidronate may be responsible for the
accumulation of pyrophosphate crystals in the synovial
joint, producing pseudogout [41].
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Fig. 16 A 63-year-old male
patient with pagetic soft tissue
expansion originating from the
dens and compressing the
medulla as seen on: a lateral
tomogram of dens (bony ele-
ment), and b MRI scan of soft
tissue (see arrow). The patient
was treated successfully with
surgical decompression

Fig. 17 A 78-year-old male patient presented himself with un-
steady gait and confusion. a Bone scan (99Tc MDP) revealed in-
creased uptake in the skull, and bone blood flow revealed in-
creased engorgement of the skull. b After treatment with i.v.
mithramycin, bone scan activity improved somewhat, while bone
blood flow was restored to normal. This coincided with improve-
ment of the patients gait and mental status, suggesting that the
brain had most likely been deprived of its blood supply (steal syn-
drome by the skull hypervascularity)



Treatment

Treatment of back pain

One must be certain before attributing back pain to PD,
otherwise the results of antipagetic treatment may not be
rewarding [3]. For patients with low back pain and PD,
suppressive therapy with EHDP (disodium etidronate)
was beneficial to 36% of patients in one report [4]. This
suggests that unless a well-defined lesion is related to low
back pain, antipagetic therapy is not expected to be effec-
tive. If antipagetic medical therapy is ineffective within
3 months, a concomitant nonsteroidal anti-inflammatory
drug and other treatment methods (physical therapy, cor-
sets, etc) for back pain should be prescribed, especially
when the presenting back pain is mechanical or arthritic in
nature [50, 130].

Treatment of spinal stenosis

Because antipagetic medical therapy is rewarding in the
treatment of pagetic spinal stenosis syndrome, one should
start with antipagetic drug treatment. Calcitonin, mithra-
mycin, sodium etidronate, pamidronate disodium, and clo-
dronate have been reported to either improve or to com-
pletely reverse the clinical symptoms of spinal stenosis [1,
16, 36, 107]; however, relapse of spinal stenosis sympto-
matology after medical antipagetic treatment is not un-
common [32, 33]. Therefore, patients should be closely
monitored and cyclical therapy should be continued if
necessary until biochemical bone indices normalize.

Severe spinal stenosis of lytic type has been shown to
respond successfully to antipagetic treatment with clo-
dronate [36]. It has been suggested that, for pagetic spinal
stenosis in the lytic phase of the disease, administration of
vitamin D and calcium supplements to improve mineraliza-
tion of lytic pagetic spinal lesion causing canal block can
enhance the effectiveness of bisphosphonate therapy [36].

If the symptoms persist, in spite of bone remodeling
markers normalization, surgery is an alternative treat-
ment. Decompression of spinal stenosis should be imple-
mented promptly after failure of antipagetic therapy. In
these circumstances, delaying decompression may result
in irreversible myelopathy or radiculopathy [80]. On the
other hand, the results of surgery have shown variable im-
provement in 85% of patients [117], with frequent re-
lapses or failures, which may improve with subsequent
medical antipagetic therapy [1, 16, 107]. In our series, pa-
tients who demonstrated either partial or temporary im-
provement after laminectomy and were treated with fur-
ther antipagetic medical treatment exhibited marked im-
provement of their symptomatology with sustained relief
[50]. From our experience and from other reports, spinal
surgery for pagetic spinal stenosis may fail to reverse the
neurological deficit completely [15], and may be associ-
ated with serious complications such as a mortality rate of
11% [117] and dangerously profuse, if not torrential,
bleeding [116]. To avoid such catastrophes, we recom-
mend the preoperative assessment of bone vascularity by
means of radionuclide bone blood flow in the affected spi-
nal region. We have found this test reliable, simple and re-
producible [11]. To decrease potential bleeding during
surgery, if there is increased vascularity in the affected re-
gion, we strongly recommend a course of medical an-
tipagetic treatment until the bone blood flow normalizes
[50]. This may take 2–3 months with calcitonin therapy,
or 2–3 weeks with mithramycin treatment [56, 57, 114].
The new generation of IV bisphosphonates can also be
used effectively in this situation. In emergency situations,
embolization of the region may be indicated. Because of
the anticipated massive bleeding during laminectomy, the
use of a cell saver is strongly recommended [115].

Surgery for spinal stenosis, when indicated, should be
tailored to the pathology responsible for neural compres-

43

Fig. 18 Anteroposterior radiograph of the lumbar spine showing a
localized bulky juxtacortical bone expansion of the lateral aspect
of L4-L5 vertebrae resulting in bone union. The appearance of the
lesion may be misconstrued as sarcomatous degeneration (pseu-
dosarcoma or pumice bone). The cortical margins are well defined
in contrast to the usual appearance of sarcomatous transformation,
which remains poorly delineated. [Reprinted, with permission,
from Hadjipavlou A, Gaitanis I, Katonis P, Lander P (2001)
Paget’s disease of the spine and its management. Eur Spine J
10:370–384]



sion. If neural compression is caused by the posterior ex-
pansion of vertebral bodies, an anterior approach with
corpectomy and fusion is indicated. If neural compression
is caused by posterior vertebral elements, then posterior
decompression should be the approach of choice [50]. An
acute onset of spinal compression seems to bear a graver
prognosis than the more gradual development of symp-
toms; the former tends to respond better to surgical de-
compression [126]. Surgery is also indicated as a primary
treatment when neural compression is secondary to patho-
logical fracture, dislocation, epidural hematoma, syringo-
myelia, platybasia, or sarcomatous transformation.

Pharmacologic treatment

A pressing issue regarding treatment is whether physicians
should treat asymptomatic patients. The progressive nature
of PD, the severity of its associated complications, the po-
tential negative impact on patients’ quality of life, and the
availability of effective and relatively safe new antipagetic
drugs have led many experts to recommend treatment for
asymptomatic patients who have active disease [50, 93,
133]. According to Meunier et al., in a long-term follow
up study of 41 cases of PD, antipagetic therapy that did not
normalize biochemical markers in 71% of patients did not
prevent new complications in 62% of patients [95], sug-
gesting that antipagetic therapy should continue until nor-
malization of biochemical markers is achieved. However,
there are no conclusive data to support the theory that
complications are preventable by controlling bone-remod-
eling with drug therapy [133]. Patients who are asympto-
matic and inactive by biochemical and imaging parameters
do not require treatment. However, patients who are clini-
cally asymptomatic but demonstrate increased disease ac-
tivity as shown by biochemical markers, bone scan uptake
activity, or increased engorgement by radionuclide investi-
gation should be treated repeatedly until a normalization
of these indices is accomplished [95, 130].

Five classes of drugs are available for the treatment of
PD: bisphosphonates, calcitonin, mithramycin (plicamycin),
gallium nitrate, and ipriflavone. Bisphosphonates appear
more effective than calcitonin in suppressing the histolog-
ical and biochemical activity of PD. Therefore, calcitonin
is no longer considered the treatment of choice for this
condition. Some of these drugs are still experimental and
can be obtained only through clinical trials. A major ad-
vantage of the use of bisphosphonates over calcitonin in
PD is that biochemical and histological suppression of
disease activity may persist for many years after the ces-
sation of treatment [108].

Bisphosphonates. The mechanism of action of bisphos-
phonates on bone was originally ascribed to their physi-
cochemical effect on hydroxyapatite crystals [38]. They
bind strongly to hydroxyapatite crystals and inhibit both
their formation and dissolution in vitro. Although such an

effect is characteristic of their overall action, their influ-
ence on cells is probably of greater importance. The
mechanism of action appears to be complex [39], involv-
ing several components:

1. A direct effect on osteoclastic activity
2. A direct effect on osteoclast recruitment
3. An indirect effect on osteoclast recruitment mediated

by cells of osteoclastic lineage that are capable of stim-
ulating or inhibiting osteoclastic recruitment (macro-
phages are osteoclast precursors), and

4. A shorter osteoclast life-span due to apoptosis

Bisphosphonates can be classified into nitrogen and non-
nitrogen containing groups; two pharmacologic classes
with distinct molecular mechanisms. Several bisphospho-
nates have been investigated [56, 57], but only the follow-
ing bisphosphonates have been approved for clinical use:
disodium etidronate, clodronate, pamidronate, alendronate,
risedronate, neridronate, tiludronate, ibadronate, amino-
hydroxybutilene bisphosphonates (ABDP), olpadronate, and
zoledronate.

Oral administration of alendronate at a dose of 40 mg
per day for 6 months has demonstrated efficacy in normal-
ization of serum alkaline phosphatase [56, 109]. The pre-
sent authors assessed the effects of an unpublished study
of a higher dose (60 mg per day) of oral alendronate (Fosa-
max, Merck and Co., inc) on PD over a shorter period 
(3 months) in 28 patients, 18 male and 10 female with a
mean age of 68 years. Ten patients had never been treated
before, and 18 had previously received drug therapy. The
mean period without treatment prior to alendronate was
14 months. Sites of Paget’s were visually scored from 
+1 to +4 for radiological assessment. Quantitative uptake
by region of interest (ratio of Paget’s to normal bone) was
also determined for scintigraphic examination.

As a result of treatment, alkaline phosphatase levels
fell from 266.6 to 82.2 IU/l (mean difference 183.8 IU/l,
P=0.000). Osteocalcin levels fell from 5.1 to 8.7 pmol/l
(mean difference 3.6 pmol/l, P=0.0002). All patients nor-
malized their alkaline phosphatase levels. Follow-up was
carried out on all 28 patients 2 years after the 3-month
treatment. All but three were in remission, giving a rate of
89.2%. No side effects were noted in any of the patients
treated. The response to therapy was similar between pa-
tients who had previously received antipagetic therapy and
those who had not. Similarly, there was a marked radio-
logical (Fig. 19) and scintigraphic improvement (Fig. 20).

A major advantage of the bisphosphonates over calci-
tonin is that biochemical and histological suppression of
the disease activity may persist for many years after the
cessation of treatment [108].
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Laboratory methods for clinical assessment 
and monitoring antipagetic drug treatment

Imaging resources

The effects of treatment are monitored by the patient’s
clinical response, imaging modalities, and bone remodel-
ing markers [56, 57].

Radionuclide bone blood flow can be used to monitor
vascularity. Therefore, it can be used:

1. To assess a relevant pagetic region for potential pro-
fuse bleeding before proceeding with surgery, and

2. To monitor the effectiveness of an emergency intra-
venous administration of antipagetic agents

Conventional bone scan is recommended before and 6
months after treatment, and 12 months thereafter depend-
ing on the behavior of the pagetic lesion. Twenty-four hour
retention scan, a more quantitative radionuclide assess-
ment, can be used as an adjunct to bone scan [11]. Quanti-
tative bone scan scintigraphy allows early and objective as-
sessment of PD when evaluating the effects of therapy. Ra-
diographic images should be obtained before treatment and
every 1 to 2 years thereafter, to monitor the modeling (bone

expansion) and remodeling changes (phase of the disease
activity). Although PD can be diagnosed cost effectively
with conventional radiography, magnetic resonance (MR)
imaging is well suited for demonstrating specific character-
istics of certain complications, including basilar invagina-
tions, spinal stenosis, and secondary neoplasm [12].

Biomechanical bone markers

Recently, the assessment and effectiveness of treatment of
patients with Paget’s disease have been improved by new
emerging biochemical markers for bone remodeling, prompt-
ly applied.

Common bone markers used for the evaluation of bone
turnover in PD are:

– In serum: total alkaline phosphatase (tAP) and bone al-
kaline phosphatase (βAP), procollagen type 1 N-termi-
nal polypeptide (PINP), beta-carboxyterminal telopep-
tide of type 1 collagen (SCTx); osteocalcin and serum
bone sialoprotein

– In urine: hydroxyproline (Hyp), amino (NTX) and beta-
carboxyterminal (CTX) telopeptides of collagen type I,
total pyridinoline (PYD) and deoxypyridinoline (DPD)
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Fig. 19 Radiographic effects of alendronate treatment. Patients in
group I had never been treated before alendronate treatment.
Group II patients had previously received drug therapy

Fig. 20 Scintigraphic evaluation of alendronate treatment. Pa-
tients in group I had never been treated before alendronate treat-
ment. Group II patients had previously received drug therapy



Markers of bone resorption representing degradation of
type I collagen are: N-telopeptides, C-telopeptides, hydroxy-
proline and collagen crosslinks-pyridinoline and dexopy-
ridinoline, and urinary calcium.

Serum tartrated-resistant acid phosphatase is a marker
for osteoclastic activity. Bone formation markers include
bone-specific alkaline phosphatase and N terminal and C
terminal extension peptides of procollagen and osteocalcin.

Resorption markers respond approximately 1–3 months
after treatment intervention, whereas markers of forma-
tion respond much later, usually after 6–9 months [19].

The serum markers of bone turnover show lower bio-
logical variability than urinary markers, and are therefore
more sensitive indices of disease activity.

Paget’s Disease: conclusions

The natural history of PD affecting the spine is therefore
progressive, characterized by bone proliferation, vertebral

expansion, and structural changes, leading to spinal steno-
sis and facet arthropathy, clinical entities that are not al-
ways symptomatic. Pagetic facet arthropathy is a major
contributing factor to both back pain and spinal stenosis,
and the more advanced the facet joint arthropathy, the
greater the likelihood that patients will suffer clinical spi-
nal stenosis and/or back pain. In the majority of cases the
clinical picture of pagetic spinal stenosis and facet os-
teoarthropathy is not expected to differ from that of de-
generative spondylosis. A minority of patients (13%), how-
ever, exhibits constant spinal pain attributed to the pagetic
pathologic remodeling process. Treatment of pagetic spi-
nal stenosis symptoms should start with medical anti-
pagetic therapy, with surgery being the alternative choice
only if the symptoms persist in spite of normalization of
bone remodeling markers.
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Abstract Although osteoporosis is a
systemic disease, vertebral fractures
due to spinal bone loss are a fre-
quent, sometimes early and often ne-
glected complication of the disease,
generally associated with consider-
able disability and pain. As osteo-
porotic vertebral fractures are an im-
portant predictor of future fracture
risk, including at the hip, medical
management is targeted at reducing
fracture risk. A literature search for
randomized, double-blind, prospec-
tive, controlled clinical studies ad-
dressing medical treatment possibili-
ties of vertebral fractures in post-
menopausal Caucasian women was
performed on the leading medical
databases. For each publication, the
number of patients with at least one
new vertebral fracture and the num-
ber of randomized patients by treat-
ment arm was retrieved. The relative
risk (RR) and the number needed to
treat (NNT, i.e. the number of pa-
tients to be treated to avoid one ra-
diological vertebral fracture over the
duration of the study), together with
the respective 95% confidence inter-
vals (95%CI) were calculated for
each study. Treatment of steroid-in-
duced osteoporosis and treatment of
osteoporosis in men were reviewed
separately, based on the low number
of publications available. Forty-five
publications matched with the search
criteria, allowing for analysis of 
15 different substances tested regard-
ing their anti-fracture efficacy at the

vertebral level. Bisphosphonates,
mainly alendronate and risedronate,
were reported to have consistently
reduced the risk of a vertebral frac-
ture over up to 50 months of treat-
ment in four (alendronate) and two
(risedronate) publications. Raloxi-
fene reduced vertebral fracture risk
in one study over 36 months, which
was confirmed by 48 months’ fol-
low-up data. Parathormone (PTH)
showed a drastic reduction in verte-
bral fracture risk in early studies,
while calcitonin may also be a treat-
ment option to reduce fracture risk.
For other substances published data
are conflicting (calcitriol, fluoride)
or insufficient to conclude about effi-
cacy (calcium, clodronate, etidronate,
hormone replacement therapy,
pamidronate, strontium, tiludronate,
vitamin D). The low NNTs for the
leading substances (ranges: 15–64
for alendronate, 8–26 for risedronate,
23 for calcitonin and 28–31 for ral-
oxifene) confirm that effective and
efficient drug interventions for treat-
ment and prevention of osteoporotic
vertebral fractures are available. Bis-
phosphonates have demonstrated
similar efficacy in treatment and pre-
vention of steroid-induced and male
osteoporosis as in postmenopausal
osteoporosis. The selection of the ap-
propriate drug for treatment of verte-
bral osteoporosis from among a bis-
phosphonate (alendronate or rise-
dronate), PTH, calcitonin or raloxi-
fene will mainly depend on the effi-
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Introduction

Osteoporosis was defined at a 1993 consensus conference
as “a systemic skeletal disease characterized by low bone
mass and micro-architectural deterioration of bone tissue
with a resultant increase in fragility and risk of fracture”
[24]. As bone quality cannot be evaluated easily in daily
practice, the diagnosis of osteoporosis is made on low
bone mineral density (BMD), expressed as the number of
standard deviations above or below BMD for normal
young adults (T-score). The World Health Organization
study group’s definition of osteoporosis is a T-score below
–2.5 SD. Patients with a T-score below –2.5 who also
have suffered a fragility fracture have severe osteoporosis
[91].

Although a number of risk factors for osteoporotic
fractures have been identified [26, 35], a history of previ-
ous vertebral fracture is a particularly important risk fac-
tor for future fractures. Postmenopausal women with radi-
ographically detected vertebral fractures are at increased
risk for new fractures, independently of bone mass [9, 17,
79]. In addition, vertebral fractures are common: 5% of
Caucasian women aged 50 and 25% of those aged 80 have
one or more fractures [58], and as many as 11–56% of pa-
tients on long-term steroids are estimated to have preva-
lent vertebral fragility fractures [3, 52, 60]. Vertebral frac-
tures, even those not recognized clinically, are associated
with substantial increases in back pain, functional limita-
tion, disability, and with an excess mortality risk [44, 63].
However, physicians frequently do not diagnose osteo-
porosis in primary care patients with vertebral fractures,
thereby missing an important preventive opportunity for
patients at highest risk for future fractures: in a recently
published study from Neuner et al., only 38% of subjects
with vertebral compression fractures noted on routine ra-
diographs (46% of women and 19% of men) were diag-
nosed with osteoporosis, and only 32% received prescrip-
tion medication for osteoporosis [62].

Effective medical treatments of osteoporosis have in-
creasingly become available over the last decade and their
efficacy in reducing fracture risk, including at the spine,
has been reviewed thoroughly in several recent publica-
tions [39, 45, 65].

The aim of this publication is to review the available
data on drug treatment options in women with postmeno-
pausal osteoporosis, with special focus on vertebral frac-
ture risk reduction, and to briefly comment on steroid-in-
duced osteoporosis and osteoporosis in men.

Materials and methods

We searched Medline, Embase and Current Contents from 1980 to
2002 for randomized controlled trials with drug treatment inter-
vention in Caucasian women with postmenopausal osteoporosis
(defined as T-score below –2SD at inclusion and/or prevalent
anamnestic fracture) and reporting vertebral fracture data (either as
a primary or secondary endpoint or as an adverse event). Dupli-
cates, abstracts, and posters were eliminated by manual selection.

All definitions of radiological vertebral fractures (anterior, mid-
dle, or posterior vertebral height loss defined as any % loss and/or
as any absolute value in millimeters), as chosen by the authors,
were accepted for inclusion in the final analysis. Published results
on risk reduction of clinically symptomatic vertebral fractures and
risk reduction of multiple fractures were recorded separately.

Studies reporting on the number of patients who suffered at
least one fracture were retained. Studies reporting on total number
of fractures (i.e., fracture rates in patient-years) per treatment
group without mentioning the number of patients with fractures
were excluded from the analysis. Counting events instead of pa-
tients has been criticized as violating basic statistical assumptions
and invalidating the use of common statistical tests as well as cross
comparisons [93].

Studies of less than 36 months’ duration were eliminated. The
minimum required duration for a phase III trial for development of
anti-osteoporotic drugs is usually specified at 3 years in Europe
and in the US, the European CPMP regulations being the most
stringent, requiring demonstrated anti-fracture efficacy prior to
registration of an osteoporosis drug [14].

For each publication, the number of patients with a at least one
new vertebral fracture and the number of randomized patients by
treatment arm was recorded. The relative risk (RR) and the number
needed to treat (NNT, i.e. the number of patients to be treated to
avoid one radiological vertebral fracture over the duration of the
study) as well as the respective 95% confidence intervals were cal-
culated. When different dosages were used in different treatment
arms, the results were pooled (active vs control) and dosage-spe-
cific comments as stated in the original publication were reported
if appropriate.

For steroid-induced osteoporosis and osteoporosis in men, an
overview is given based on selected publications.

Results

Forty-five publications resulted from the search of the
medical databases. Six publications were excluded be-
cause they reported on total number of fractures and the
number of patients with at least one fracture was not pub-
lished and could not be derived from published data [34,
46, 73, 76, 80, 85]. Sixteen publications were excluded
because the duration of observation was less than 36
months [5, 7, 15, 21, 29, 32, 33, 36, 41, 53, 55, 59, 66, 67,
90, 92]. Twenty-three publications matched all selection
criteria: four with alendronate [10, 11, 27, 50], two with
calcitriol [31, 86], one with calcium-vitamin D [69], one

cacy, tolerability and safety profile,
together with the patient’s willing-
ness to comply with a long-term
treatment. Although reduction of
vertebral fracture risk is an important

criterion for decision making, drugs
with proven additional fracture risk
reduction at all clinically relevant
sites (especially at the hip) should be
the preferred options.

Keywords Review · Medical 
treatment · Vertebral fractures · 
Osteoporosis · Relative risk 
reduction · Number needed to treat
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with calcitonin [20], two with etidronate [37, 54], three
with fluoride [68, 71, 77], one with hormone replacement
therapy [70], one with ipriflavone [6], one with pamidronate
[16], two with parathormone [51, 61], two with raloxifene
[28, 30] and three with risedronate [22, 38, 72]. The study
of Neer et al. with parathormone [61] had a median dura-
tion of only 21 months, but was kept in the final analysis
as it was stopped early by the sponsor.

Radiological vertebral fractures

An overview of all calculated RR and NNT values with
the respective 95% confidence interval (CI) by drug and
by study is given in Table 1. Figure 1 shows the RR and
95%CI for selected drugs in alphabetical order (alen-
dronate, calcitonin, parathormone (teriparatide, PTH),
raloxifene and risedronate).

Alendronate

In three long-term endpoint trials [10, 27, 50] and in one
published re-analysis of the anti-fracture efficacy in pa-
tients with osteoporosis as defined by the WHO [11], 
alendronate showed a consistent and significant reduction
in vertebral fracture risk of between 45 and 49% across all
studies. The calculated NNT ranged from 15 (95%CI 10
to 24) to 64 (95%CI 38 to 152), depending on the patient
population studied, patients with highest fracture risk hav-
ing the lowest NNTs.

Calcitonin

Only one published clinical trial of more than 36 months’
duration was retrieved [20]. Although the vertebral frac-
ture risk is reported to be significantly reduced, by 33%,
at the intranasal dose of 200 IU per day in the original
publication, the risk reduction of the pooled dosages (100,

Mths Total no. NPFx/NPR NPFx/NPR RR (95%CI) NNT (95%CI)
of subjects Active Controls

Radiological vertebral fractures
Alendronate [27] 50 4432 43/2214 78/2218 0.55 (0.38 to 0.79) 64 (38 to 152)
Alendronate [11] 48 3658 107/1841 197/1817 0.54 (0.43 to 0.67) 20 (14 to 31)
Alendronate [10] 36 2027 78/1022 145/1005 0.53 (0.41 to 0.68) 15 (10 to 24)
Alendronate [50] 36 994 17/597 22/397 0.51 (0.28 to 0.95) 38 (18 to 349)
Calcitonin [20] 60 1255 171/944 70/311 0.81 (0.63 to 1.03) 23 (10 to –154)
Calcitriol [86] 36 622 66/314 155/308 0.42 (0.33 to 0.52) 4 (2 to 5)
Calcitriol [31] 36 86 10/47 6/39 1.38 (0.55 to 3.45) –15 (12 to –3)
Calcium VitD [69] 52 191 27/91 34/100 0.87 (0.58 to 1.33) 24 (5 to –11)
Etidronate [37] 36 380 28/196 51/184 0.55 (0.36 to 0.82) 8 (4 to 18)
Etidronate [54] 48 100 4/50 9/50 0.44 (0.15 to 1.3) 11 (3 to –95)
Fluoride [71] 48 164 2/84 8/80 0.25 (0.6 to 1.01) 14 (6 to 67)
Fluoride [77] 36 144 20/99 30/45 0.3 (0.2 to 0.47) 3 (1 to 4)
Fluoride [68] 48 110 7/54 22/56 0.33 (0.16 to 0.66) 4 (2 to 8)
HRT [70] 42 128 3/64 4/64 0.75 (0.18 to 3.22) 65 (9 to –20)
Ipriflavone [6] 36 472 7/233 8/239 0.9 (0.33 to 2.44) 292 (25 to –40)
Pamidronate [16] 36 91 5/46 15/45 0.33 (0.14 to 0.78) 5 (2 to 13)
PTH [61] 21 1637 41/1093 64/544 0.32 (0.22 to 0.46) 13 (9 to 20)
PTH [51] 36 34 1/17 4/17 0.25 (0.04 to 1.67) 6 (2 to 213)
Raloxifene II [28] 48 7705 278/5129 225/2576 0.62 (0.52 to 0.73) 31 (21 to 48)
Raloxifene I [30] 36 7705 272/5129 231/2576 0.59 (0.5 to 0.7) 28 (20 to 42)
Risedronate [38] 36 1641 61/821 93/820 0.66 (0.48 to 0.89) 26 (14 to 83)
Risedronate [72] 36 816 53/408 89/408 0.6 (0.44 to 0.81) 12 (7 to 26)
Risedronate [22] 36 132 28/88 20/44 0.7 (0.44 to 1.11) 8 (3 to –42)

Clinical vertebral fractures
Alendronate [11] 48 3658 38/1841 67/1817 0.56 (0.38 to 0.82) 62 (36 to 169)
Alendronate [10] 36 2027 23/1022 50/1005 0.45 (0.28 to 0.73) 37 (22 to 84)
Raloxifene [30] 36 7705 86/5129 81/2576 0.53 (0.4 to 0.72) 69 (44 to 136)

a The number of patients to be treated to avoid one radiological vertebral fracture over the duration of the study

Table 1 Calculated relative risk (RR), number needed to treat
(NNT)a and respective 95% confidence intervals (CI) of radiologi-
cal and clinical vertebral fractures in women with postmenopausal

osteoporosis (NPFx number of patients with at least one vertebral
fracture, NPR number of patients randomized, by treatment group,
bold type indicates significant outcomes)
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200 and 400 IU/day) reported here is not significant. Ac-
cordingly, the NNT is 23, with a 95% CI of 10 to –154.

Parathormone

Two published studies were eligible [51, 61]. Vertebral
fracture risk was significantly reduced, by 68% (RR 0.32,
95%CI 0.22 to 0.46) in the endpoint trial [61], with an
NNT of 13 (95%CI 9 to 20). In the other smaller trial, the
risk reduction was not significant [51].

Raloxifene

Two publications report vertebral fracture data with raloxi-
fene at 36 months [30] and in the 12 months extension
[28]. The calculated vertebral fracture risk is significantly
reduced, by 41% after 3 years and 38% after 4 years. The
calculated NNTs are 28 (95%CI 20 to 42), and 31 (95%CI
21 to 48) respectively.

Risedronate

Risedronate significantly reduced calculated vertebral frac-
ture risk, by 34% and 40% respectively, in two endpoint
studies [38, 72]. In a third, smaller, study over 36 months,
the risk reduction was not significant (RR 0.7, 95%CI
0.44 to 1.11) [22]. Calculated NNTs ranged from 8
(95%CI 3 to –42) to 26 (95%CI 14 to 83).

Other treatment options

Calcitriol, etidronate, fluoride and pamidronate showed
calculated vertebral fracture risk reduction in single stud-
ies, while there is no publication demonstrating vertebral
fracture risk reduction over 36 months for calcium-vita-
min D, hormone replacement therapy or ipriflavone (Ta-
ble 1).

Clinical (symptomatic) vertebral fractures

Clinical vertebral fractures were defined as clinically di-
agnosed and radiologically confirmed vertebral fractures,
i.e. clinical fractures are usually symptomatic (back pain,
height loss, kyphosis). Only two drugs had published data
regarding risk reduction of symptomatic vertebral frac-
tures. According to two reports, alendronate reduced the
calculated risk for symptomatic vertebral fracture signifi-
cantly, by 44% and 55% respectively (RR 0.56; 95%CI
0.38 to 0.82 and RR 0.45; 95%CI 0.28 to 0.73 respec-
tively) [10, 11]. Raloxifene reduced the risk of clinical
fracture by 47% (RR 0.53; 95%CI 0.4 to 0.72) [30] (Table 1).

Discussion

Postmenopausal osteoporosis

In women with postmenopausal osteoporosis, vertebral frac-
tures can be prevented with efficacious drug treatments.
Oral bisphosphonates (specific inhibitors of osteoclastic
bone resorption: alendronate and risedronate), oral SERMs
(selective estrogen receptor modulators: raloxifene) and

Fig. 1 Radiological vertebral
fractures in women with post-
menopausal osteoporosis: rela-
tive risks (solid diamond) and
95% confidence intervals fol-
lowing treatment with selected
osteoporosis drugs



subcutaneous PTH (amino-terminal parathyroid hormone
1–34: teriparatide) have demonstrated their clinical effi-
cacy in large-scale trials with fractures as a primary end-
point. Calcium and vitamin D have no long-term clinical
data to demonstrate their anti-fracture efficacy in the spine;
however, calcium (500–1000 mg/day) and/or vitamin D
substitution (400–800 IU/day) were always given to all
patients in all treatment groups of all published clinical
trials. Therefore, calcium and/or vitamin D substitution
has to be considered as the established standard of all drug
interventions against osteoporosis, even in the absence of
conclusive fracture reduction endpoint data. Hormone re-
placement therapy (HRT) has not shown documented ver-
tebral fracture risk reduction in large-scale trials to date.
However, the effect of HRT on fracture risk (hip fractures
and all clinical fractures) has been extensively studied.
Hormones have systemic effects, some of which may be
expected to be beneficial, others less so. Two recently pub-
lished studies in 2,763 and 16,608 postmenopausal women
respectively have shed a new light on the antifracture effi-
cacy of HRT and its systemic effects. In the HERS trial, a
randomized, double-blind, placebo-controlled secondary
cardio-vascular prevention trial with combined estrogens
and progestin in 2,763 postmenopausal women with doc-
umented coronary heart disease, where less than 15% of
the women had osteoporosis at inclusion [19, 42, 43],
HRT had no significant effect on clinical fractures (RR
0.95, 95%CI 0.75 to 1.21) nor on hip fractures (RR 1.10;
95%CI 0.49 to 2.5) nor on breast cancer incidence, nor on
coronary heart disease, nor on stroke. Risk for venous
thrombotic disease was significantly greater with HRT
(RR 2.89; 95%CI 1.50 to 5.58) [42]. In the WHI trial, a
randomized, double-blind, placebo-controlled trial with
combined estrogens and progestin designed to assess the

major health benefits and risks of combined HRT in
16,608 postmenopausal women who had not undergone
hysterectomy, clinical and hip fracture risk was signifi-
cantly reduced, by 24 and 34% respectively. However, risk
for breast cancer, coronary heart disease, venous throm-
botic disease and stroke was significantly increased with
HRT [95]. The authors concluded that, in this trial, health
risks exceeded the benefits from use of combined estro-
gen plus progestin in healthy postmenopausal women
over a 5.2-year period of observation [95]. Therefore,
HRT should be reserved for short-term treatment of post-
menopausal symptoms and other drug alternatives consid-
ered for treatment or prevention of osteoporosis.

Osteoporosis is a systemic disease. Therefore, drugs
that have been shown to reduce the risk of fracture at all
clinically relevant sites, especially at the hip, should be-
come preferred treatment options. Based on published
data to date in postmenopausal women with osteoporosis,
alendronate significantly reduced hip fracture risk, by
51% [10, 11], risedronate by 30% [56], while calcitonin
[20], raloxifene [28, 30] and PTH [61] had no significant
effect. The calculated numbers needed to treat, i.e. the
number of patients to be treated to avoid one radiological
vertebral fracture over the duration of the study, are com-
parable with NNTs calculated in other therapeutic fields
for interventions usually considered as being good med-
ical practice. The NNT of gemfibrozil in male patients
with high cholesterol is 71 over 5 years to avoid one coro-
nary event [40], the NNT to avoid one myocardial infarc-
tion with aspirin in healthy males is 111 over 5 years [84],
and the NNT to avoid one serious gastrointestinal compli-
cation with misoprostol in rheumatoid arthritis patients is
263 over 6 months [83]. If taking additionally the fracture
risk reductions achieved at all clinical fracture sites into
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Fig. 2 Incidences of radiologi-
cal vertebral fractures in the
control group of women with
postmenopausal osteoporosis
(fractures per 1000 patient-
years)



account, the NNTs for a drug intervention in osteoporosis
would be expected to be even lower. This supposes that
patients are well diagnosed by DEXA bone mineral den-
sity measurement at the hip or the spine, showing a T-score
lower than or equal to –2.5 SD with or without anamnes-
tic fractures, before getting drug therapy. An interesting
finding was the great disparity in fracture incidences in
the control groups of the selected trials (Fig. 2). They re-
flect the differences in definitions of vertebral fractures on
the one hand and the fracture risk of the analysed patient
population on the other. The definitions of radiological
vertebral fractures used in the different trials range from a
15% reduction in vertebral height, including worsening of
pre-existing fractures, to 20% reduction in vertebral height
and more than 4 mm. Therefore, an expected finding
would be that the most stringent definition will result in
fewer fractures being detected than the looser one, inde-
pendently of the antifracture efficacy of the drug. Some
studies have included patients with low BMD (T-score be-
low –2 SD) and no fractures, while others included pa-
tients with up to five pre-existent vertebral fractures. There-
fore, an expected finding would be that the studies includ-
ing highest-risk patients would show a greater fracture in-
cidence, including in the control group. However, these
studies may fail to be representative of the patients in
which the drug will be used later in daily practice. The
calculated NNTs should therefore be interpreted in this
light, considering that in some cases less efficacious drugs
have the best NNTs.

This review has several limitations. Firstly, we excluded
from the analysis all studies of less than 36 months’ dura-
tion. However, osteoporosis is a chronic, slowly debilitat-
ing disease, and European CPMP and US American FDA
regulations require 36 months’ data for registration of an
osteoporosis drug [14]. Our results are in line with those
of an exhaustive meta-analysis [65] and a recent review
[39], which reached similar conclusions. Secondly, we ex-
cluded all studies reporting fracture rates only, and con-
sidered only studies reporting patients with at least one
vertebral fracture. However, the drawback of the loss of
data of isolated studies was outweighed by far by the im-
proved quality of the remaining data, especially as the
present review focused on vertebral fractures. In fact, for
statistical analysis, the basic assumption is that all events
can be regarded as independent; a second event in the same
patient being as likely as a first event in this or in another
patient. Vertebral fractures are not independent events [93].
By considering only patients with fractures (i.e., the true
fracture incidence and not the fracture rate), the informa-
tion about the drug effect on the risk reduction of multiple
fractures is lost, and separate analyses would be required
to answer this question. One publication addresses the
risk reduction for multiple symptomatic fractures with
alendronate, showing a significant risk reduction, of 84%
(RR 0.16; 95%CI 0.05 to 0.42) [49].

Osteoporosis in men

Osteoporosis in men is more often secondary than pri-
mary. Therefore, the underlying cause (drug-induced bone
loss, gastro-intestinal diseases, hypercalciuria, endocrine
disorders, etc) must be identified and treated first. The best
documented drug intervention is with alendronate, which
showed similar efficacy in men and in postmenopausal
women with regard to achieved increases in BMD. The
studies were not statistically powered to evaluate the effi-
cacy on vertebral fracture risk reduction; however, both
showed a trend in favor of alendronate [64, 78]. Pooled
results of two studies with risedronate in 184 men receiv-
ing chronic steroid therapy showed a significant reduction
in the risk of vertebral fracture over 1 year of treatment
[75]. As is the case in women, calcium and vitamin D de-
ficiency have been prevented by systematic calcium sub-
stitution.

Glucocorticosteroid-induced osteoporosis

Glucocorticosteroid-induced osteoporosis (GIO) is by far
the most frequent cause of secondary osteoporosis [4, 89],
and fracture incidence under corticosteroids may be as
high as 50% [3]. The pathogenesis of GIO is complex:
proposed mechanisms include decreased osteoblast prolif-
eration and biosynthetic activity as well as increased bone
resorption [18], sex-steroid deficiency, decreased intesti-
nal calcium absorption and secondary hyperparathyroid-
ism [47]. Fracture risk is dose dependent, rises within the
first months under glucocorticoid treatment, and remains
elevated over the entire duration of therapy [87]. How-
ever, even short courses of oral corticosteroids or inhaled
corticosteroids may be deleterious to bone [87, 94].

The comparative efficacy with respect to bone mineral
density of several therapeutic agents for the management
of GIO has been recently determined using meta-regres-
sion models [8]. Bisphosphonates were the most effective
of the evaluated agents, whereas calcitonin and vitamin D
were more effective than no therapy or calcium. Promis-
ing data with respect to BMD have furthermore been ob-
tained with PTH, which had not yet been included in that
meta-analysis of 2002 [48]. However, for all mentioned
therapeutic strategies in GIO, fracture data are scarce, since
many of the trials had a preventive design and were of
short duration (1 or 2 years), including only modest num-
bers of patients with small numbers of fractures [1, 2, 23,
25, 74, 75, 81, 82, 88].

Using cyclical etidronate in 141 men and women who
had recently begun high-dose corticosteroid therapy, Adachi
et al. found no significant reduction in vertebral fracture
incidence compared with the placebo group overall after
12 months [1]. However, among postmenopausal women
1/31 in the etidronate group versus 7/32 women receiving
placebo experienced new vertebral fractures, demonstrat-
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ing an anti-fracture effect of marginal significance (P=
0.05). The combined results of two parallel 12-months tri-
als (one conducted in the US, one in 15 other countries)
using alendronate in a total of 477 men and women who
had been under glucocorticoid therapy for a varying dura-
tion (34% for less than 4 months, 21% for 4–12 months,
45% for more than 12 months) were quite similar com-
pared with those of the etidronate trial. Again they showed
no significant difference in overall incidence between the
bisphosphonate and placebo groups (P=0.18), but there
was a borderline significance, of P=0.05, in postmeno-
pausal women, when a post-hoc binary semiquantitative
fracture assessment was used (7/54 patients with new ver-
tebral fractures in the placebo versus 6/135 in the alen-
dronate group) [81]. Although patients had a relatively low
background prevalence of vertebral fractures (12–15%)
the reduction in the incidence of vertebral fractures under
alendronate became significant in a sample of patients
(144 women, 66 men) in which that combined trial was
extended to 24 months (overall 4/59 patients of the
placebo group and 1/143 patients in the alendronate group
experienced new morphometric fractures over 2 years,
P=0.026) [2]. A recent comparative 2-years trial between
calcitriol, vitamin D plus calcium and alendronate plus
calcium in 195 subjects (134 women, 61 men) commenc-
ing or already taking glucocorticoids showed that alen-
dronate was superior to the other two treatment regimens
for glucocorticoid-induced bone loss, especially in the
spine [82]. Six of 66 subjects treated with calcitriol, 1 of
61 treated with ergocalciferol, and 0 of 64 treated with al-
endronate sustained new vertebral fractures. That study was
not powered for a fracture endpoint; however, it is inter-
esting to note that, as in all the above-mentioned studies,
no vertebral fractures occurred in premenopausal women.

The efficacy of risedronate was evaluated in two 1-year
studies for prevention [23] and treatment [74]. The pre-
vention trial included 224 men and women who had be-
gun to take glucocorticoids within the previous 3 months.
The treatment study included 285 men and women who
had been under glucocorticoids for at least 6 months.
Risedronate reduced the risk of new vertebral fractures by
71% (P=0.072) in the prevention trial and by 70% (P=
0.042) in the treatment trial. When data from these two
studies were combined, risedronate led to a 70% (P=0.01)
reduction in the risk of vertebral fracture relative to placebo
[88]: after 1 year, 18/111 patients (16%) under placebo
and 12/195 patients (6%) under risedronate experienced

new morphometric vertebral fractures. The significant an-
tifracture effect in that combined study was reached for all
patients together and for postmenopausal women, only. 
A separate (post hoc) analysis of male data from these two
parallel risedronate trials on an intent to treat basis re-
vealed a significant antifracture efficacy also for men un-
der glucocorticoid treatment (P=0.008) [75].

Although more effective than calcium alone in main-
taining lumbar BMD [8], calcitonin failed to reduce frac-
ture risk in the spine or femoral neck in GIO [25].

The antifracture efficacy of PTH in that special condi-
tion remains to be proven.

Management of acute and chronic pain

Most osteoporotic vertebral fractures are asymptomatic.
In the clinical trials that analyzed radiological and clinical
vertebral fractures, symptomatic fractures represented 35%
of all radiological fractures [10, 11, 30]. However, even
asymptomatic fractures lead to spine deformity with chronic
back pain and progressive disability. The management of
chronic back pain relies on analgesics (paracetamol), non
steroidal anti-inflammatory drugs (NSAIDs), and, more
recently, on selective COX-II inhibitors (coxibs), which
have demonstrated equal efficacy in pain relief and an im-
proved gastrointestinal safety profile as compared to
NSAIDs [13, 57]. Calcitonin, administered subcutaneously
or intranasally, has demonstrated excellent analgesic effi-
cacy in some patients [12]. Additional non-pharmacologic
interventions include physiotherapy, physical activity and
fall prevention programs.

Conclusion

The selection of the appropriate drug for treatment of ver-
tebral osteoporosis among a bisphosphonate (alendronate
or risedronate), PTH, calcitonin or raloxifene will mainly
depend on its efficacy, tolerability and safety profile to-
gether with the patient’s willingness to comply with a long-
term treatment. Although reduction of vertebral fracture
risk is an important criterion for decision-making, drugs
with proven additional fracture risk reduction at all clini-
cally relevant sites (especially at the hip) should be the
preferred options.
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Preclinical characteristics

Chemistry

The bisphosphonates used in clinical practice are compounds
characterized by a P-C-P structure. This structure allows a
great number of possible variations, especially by chang-
ing the two lateral chains in the carbon atom. These com-
pounds have been known for a long time, the first bisphos-
phonates having been synthesized by German chemists as
early as 1865. The bisphosphonates were first used only
for a variety of industrial applications, among them as an-
tiscaling agents. It was only in 1968–1969 that we showed
these compounds also to have biological effects, more
specifically on the calcified tissues [7, 8]. Each bisphos-
phonate has its own physicochemical and biological char-
acteristics, and therefore each compound must be consid-
ered on its own, with respect to its action and behavior.

Biological actions

The bisphosphonates have been shown to have various
physicochemical effects on bone salt crystals and biologi-
cal effects on bone mineralization and bone resorption.

Physicochemical effects

Bisphosphonates inhibit the formation and aggregation
and slow down the dissolution of calcium phosphate crys-
tals. These effects are related to the marked affinity of these
compounds for solid-phase calcium phosphate, on the sur-
face of which they bind strongly. This property is the ba-
sis for the use of these compounds as skeletal markers in
nuclear medicine and the basis for their selective pharma-
cological effects.

Inhibition of bone resorption

The main effect of the pharmacologically active bisphos-
phonates is to inhibit bone resorption [7]. This effect has
been shown both in vitro culture and in intact animals. In
growing rats bisphosphonates can block the degradation
of both primary and secondary trabeculae, thus arresting
the modeling and remodeling of the metaphysis. The latter
therefore becomes club shaped and radiologically more
dense than normal. This effect is often used as an experi-
mental assay to determine the potency of new compounds
(Schenk test) [22]. The inhibition of bone resorption by
bisphosphonates has also been documented using 45Ca ki-

Abstract Bisphosphonates are com-
pounds characterized by a P-C-P
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netic studies, markers of bone resorption, and by other
means. The effect occurs within 24–48 h and is therefore
slower than that of calcitonin. The decrease in resorption
is accompanied, at least in the growing animal, by a posi-
tive calcium balance, and an increase in the mineral con-
tent of bone and in bone mass. This is possible because of
an increase in intestinal calcium absorption.

Bisphosphonates can also prevent an experimentally
induced increase in bone resorption. Thus they impair re-
sorption induced by many bone resorbing agents such as
parathyroid hormone, 1,25(OH)2D and retinoids, the latter
effect having been used to develop a powerful and rapid
screening assay for new compounds. They also inhibit bone
loss induced by different procedures to induce experimen-
tal osteoporosis such as immobilization, the first model
used [15], ovariectomy, corticosteroids, or lactation com-
bined with a low calcium diet. When not given in excess,
bisphosphonates have also a positive effect on mechanical
characteristics both in normal animals and in various ex-
perimental osteoporosis models [25]. This effect seems to
be due to alterations in bone mass, architecture and quality.

The activity of bisphosphonates on bone resorption
varies greatly from compound to compound. For etidronate
the dose required to inhibit resorption is relatively high,
very near that which impairs normal mineralization. One
of the aims of bisphosphonate research has therefore been
to develop compounds with a more powerful antiresorptive
activity, without a stronger inhibition of mineralization.
This has proven to be possible. Compounds have been de-
veloped that are up to 10,000 times more powerful than
etidronate in the inhibition of bone resorption in experi-
mental animals without being more active in inhibiting
mineralization.

Inhibition of mineralization

When given in larger amounts, bisphosphonates can inhibit
normal mineralization of bone and cartilage as well as ec-
topic mineralization [22].

Mechanisms of action

While the effect on mineralization is due to the physico-
chemical inhibition of crystal growth, the action on bone
resorption is mediated through mechanisms other than the
physicochemical inhibition of crystal dissolution, as was
initially postulated, namely by acting on the osteoclast.
Four mechanisms appear to be probably involved: inhibi-
tion of osteoclast recruitment, inhibition of osteoclastic ad-
hesion, shortening of the life span of osteoclasts due to
earlier apoptosis, and inhibition of osteoclast activity. Very
recently the cellular mechanism has been partially unrav-
eled. It was found that nitrogen containing bisphospho-
nates can, by inhibiting farnesyl pyrophosphate synthase,

decrease the formation of some compounds important for
many cell functions, including cytoskeletal assembly and
intracellular signaling, which leads eventually to apopto-
sis and death. In contrast, some non-nitrogen-containing
bisphosphonates, such as clodronate, and etidronate, can
be incorporated into the phosphate chain of ATP-contain-
ing compounds, which also impair cell function, leading
to apoptosis and cell death. Thus the bisphosphonates can
be classified into two major groups with different modes
of action but the same final effect [19].

Pharmacokinetics

The bisphosphonates appear to be absorbed, stored, and
excreted unaltered in the body. Therefore the bisphospho-
nates seem to be nonbiodegradable, at least with respect
to their P-C-P bond. The bioavailability of an oral dose of
a bisphosphonate both in animals and in humans lies be-
tween less than 1% and 10%. Absorption is substantially
diminished when the drug is given with meals, especially
in the presence of calcium and iron. Therefore bisphospho-
nates should never be given at mealtimes and never to-
gether with milk or dairy products. Between 20% and 80%
of the absorbed bisphosphonate is taken up very rapidly
by bone, the remainder being rapidly excreted in the urine.
This rapid uptake by bone means that the soft tissues are
exposed to bisphosphonates for only short periods, explain-
ing why practically only bone is affected in vivo. The ar-
eas of deposition are mostly those of bone formation and
destruction. Once deposited in the skeleton and covered
under new layers of bone, the bisphosphonates are re-
leased to a large extent only when the bone in which they
were deposited is resorbed. The half-life in bone bisphos-
phonates is therefore very long, for humans it can be over
10 years. The renal clearance of bisphosphonates is high,
at least in animals higher than that of inulin, indicating ac-
tive secretion.

Clinical use in osteoporosis

Bisphosphonates are today the most frequently used drug
in metabolic bone disease. About ten are commercially
available in the world, the conditions treated most fre-
quently with these compounds being osteoporosis, Paget’s
disease and metastatic bone disease. This review deals only
with osteoporosis. A more extended clinical and clinical
information can be found in a book written for the prac-
ticing physician [6].

Definition and pathophysiology of osteoporosis

Osteoporosis is a disease characterized by a decrease in
bone mass and a deterioration in the architecture of the
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bones, which leads to an enhanced fragility of the skeleton
and therefore to a greater risk of fracture. It is defined as
present in women when the bone mass is more than 2.5 SD
below that of the young woman (t score). It is a very com-
mon disorder which will become even more common with
the increase in life expectancy. It is also frequent in men,
although less so than in women. Its main cause is the con-
tinuous loss during life of both cancellous and cortical
bone, which is exacerbated in women after the menopause.
The second contributory factor is failure to achieve ade-
quate peak bone mass during adolescence. The causes of
these changes are not yet clear, although genetic factors
are involved, at least for the latter.

The clinical manifestations of osteoporosis are fractures,
occurring often spontaneously or after minimal trauma,
and their consequences. Osteoporosis is diagnosed and as-
sessed quantitatively by techniques that measure bone min-
eral density (BMD), most commonly dual X-ray absorp-
tiometry. Chemical analyses cannot be used to diagnose
osteoporosis. Markers of bone turnover, however, are use-
ful to determine bone turnover and consequently to iden-
tify those patients who are likely to be losing bone rapidly
and to follow the effect of treatment.

Treatment of osteoporosis

Until recently the only mechanism by which to prevent or
treat osteoporosis was to influence bone mass. It was also
thought that the latter was reflected with fidelity by BMD.
Both of these assumptions have proven to be wrong. Thus
we do know today that bone mass is not the only parame-
ter responsible for bone strength, but that bone architec-
ture and bone turnover are also very important in the de-
termination of fracture risk. Furthermore, BMD, although
a good indicator of bone mass is not a perfect one since it
is also influenced by the degree of mineralization of bone
tissue [13]. This is especially true when inhibitors of bone
resorption, such as bisphosphonates, are administered, in
which case BMD as assessed by densitometry can increase
without any change in the amount of bone [2].

The main future aim for therapy is still to try to increase
bone mass by increasing bone formation. Unfortunately
there was no way to do this until very recently. Fluoride
does increase bone formation, but has not been shown to
decrease the occurrence of fractures. However, it was shown
recently that parathyroid hormone administered daily dra-
matically increases bone formation and bone mass and re-
duces the occurrence of fractures [16]. This therapy has
just been commercialized in the United States and is now
given in very advanced cases of osteoporosis. However,
this treatment is not yet advocated for less disabling cases
and for prevention. For these patients the decrease in bone
resorption is still the pharmacological mechanism used.

For many years the most commonly used treatment act-
ing through a decrease in bone resorption, apart of bispho-

sphonates, was estrogen replacement after the menopause.
However, it has recently been shown that estrogens in-
crease the risk of breast cancer, and increase instead of de-
crease cardiovascular insults [20]. Calcitonin is sometimes
used, but parenteral administration can have unpleasant
side effects, and the nasal form is relatively weak in its ef-
fect on BMD and fracture incidence. Calcium can also de-
crease bone turnover and diminish bone loss in certain con-
ditions. It was found to diminish hip fractures when given
with vitamin D in the elderly institutionalized patients [3].
This is why calcium, although it is not effective enough to
affect strongly fractures in most patients with osteoporo-
sis, is recommended at a dose of about 1 g daily in the el-
derly. Calcium is, however, an obligatory adjunction in all
patients who receive an antiresorptive treatment. Vitamin D
should be present in sufficient amounts, and the addition
of 400–800 U are generally recommended in the elderly.

Treatment of osteoporosis with bisphosphonate

Although many bisphosphonates have been investigated
in human osteoporosis, most of the studies have been car-
ried out with alendronate, etidronate, and risedronate. These
are the compounds which are commercialized in the great-
est number of countries. Many well controlled studies have
confirmed the efficacy of bisphosphonates in preventing
the decrease in BMD, as assessed by dual X-ray absorp-
tiometry first in not-menopausal osteoporosis and then in
various other types of osteoporosis. Actually BMD was
most often even increased. The first compound thoroughly
investigated was etidronate [26]. This was then followed
by alendronate [11] and later risedronate [14]. Bisphos-
phonates are active in whites, Asians, and black osteo-
porotic women. They are also effective in elderly women
without osteoporosis [12] and in healthy women, as well
as in men. They prevent and partially even reverse the bone
loss in glucocorticoid-treated patients [4, 21] and are there-
fore a standard therapy in patients receiving this drug over
longer time.

All the bisphosphonates induce a marked decrease in
bone turnover when given in doses effective on BMD. Both
bone formation and resorption are decreased. The impor-
tant question to answer was whether bisphosphonates were
also be able to decrease the fracture risk. Indeed an effica-
cious drug in osteoporosis should not be tested on BMD
but on fracture risk, fractures, both vertebral and appen-
dicular, being the key clinical problem. Both alendronate
[1, 17] and risedronate [10, 18] decrease by about one-
half the occurrence of vertebral and nonvertebral fractures
in osteoporotic patients. Etidronate could not be proven to
be efficacious on these parameters. This effect on fractures
is probably due both to the increase in BMD and the de-
crease in bone turnover. It is not yet known which is the
relative part played by each of them. However, the fact
that the fractures decrease even after 6 months, when the
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effect on BMD is still very small, suggests that turnover is
important. Lastly, bisphosphonates do reduce fractures
also in children with osteogenesis imperfecta [9].

Only few studies have addressed what happens after
the discontinuation of the drug. It seems that this depends
of the duration of the previous treatment. After a short-
term treatment of 1–2 years, turnover and bone loss pick
up again to some extent, the latter less so than the former
one. After long-term treatment such as 7 years bone turn-
over goes up only very slowly and BMD stay constant for
at least 1–2 years [24].

The treatment regimens for the three main commercial-
ized compounds are the following:

– Alendronate: The dose recommended by the producers
is 10 mg orally daily, 5 mg in Japan. Since this compound
has a similar effect on BMD when given once weekly
at 70 mg [23], the weekly regimen is used today in the
countries where this regimen is commercialized.

– Etidronate: The regimen recommended by the producer
is 400 mg daily orally for 2 weeks every 3 months.

– Risedronate: The recommended regimen is 5 mg daily
orally or 35 mg once weekly.

Adverse events

As is the case in animals, studies in humans have revealed
only a few important adverse events. Oral administration
of bisphosphonates, especially those containing a nitrogen

atom, can be accompanied by digestive tract disturbances
[5]. The latter can be substantially reduced by taking the
drug with enough fluid, and by not reclining after the in-
take. It also seems that these disturbances are decreased
when the compounds are administered once a week instead
of daily, at the same total dose. The intravenous adminis-
tration of N-containing compounds can induce a transient
pyrexia of usually 1–2°C, accompanied by flulike symp-
toms, which resembles an acute-phase response. Until now
no negative consequences of these episodes have been de-
scribed. Lastly, compounds with little efficiency and which
must administered in higher doses, such as etidronate, can
inhibit normal skeletal mineralization. This can happen at
doses of etidronate above 800 mg daily. Fracture healing
or new orthopedic implants are no contraindication to the
use of bisphosphonates provided they are not given in
doses that inhibit mineralization. Lastly, bisphosphonates
should not be given during pregnancy and lactation.

An important question is what happens after long-term
treatment. A study of 7-years administration of alendronate
did not show any adverse events. Actually the turnover
stays at a constant level, the BMD still goes up, and the
fracture rate remains low [24]. This course appears to
continue up to 10 years of treatment. Similar results are
seen with risedronate. Therefore there is until now no in-
dication that one would have to stop the treatment because
of an increase in osseous fragility. However, this issue has
to be followed closely. Whether it would be of advantage
to interrupt treatment for a certain time is not known.
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Introduction

Osteoporosis is a serious problem in the United States, af-
fecting as many as 13–18% of women and 3–6% of men
[49, 55, 64, 68, 89]. If untreated, it is estimated that more
than half of all Caucasian white women will sustain an os-
teoporotic fracture during their lifetime [16, 89]. Approx-
imately one-half of these fractures are related to the verte-
bral bodies, with two-thirds being silent and one-third
symptomatic. Epidemiological studies have demonstrated
that multiple vertebral fractures increase morbidity [67,
69], and the presence and increasing numbers of fractures
significantly increase mortality rates [11, 23, 41, 48]. De-
spite the recognition that osteoporotic fractures increase
the risk for additional vertebral fractures as well as hip frac-
tures, the majority of individuals with these fractures re-
main undiagnosed and untreated [28, 31, 74].

Over the last ten years, great strides have been made in
understanding the pathophysiology of osteoporotic verte-
bral fractures. Radiographic methods have been enhanced
to aid in the diagnosis of osteoporosis. New therapeutics

have been developed that may decrease the fragility frac-
ture rate by up to 50% compared with controls treated only
with calcium [7, 24, 40, 70, 79]. During the same time pe-
riod, two minimally invasive procedures have been devel-
oped to rapidly address painful vertebral fractures – verte-
broplasty and kyphoplasty. Details regarding these proce-
dures are the subject of separate articles within this issue.

Fracture etiology: factor of risk

Vertebral bodies sustain fractures under two different me-
chanical environments: repetitive loading that fatigues the
cancellous bone and leads to the accumulation of mi-
crofractures, or single traumatic events may overload the
vertebral body and lead to fracture [58]. To understand the
etiology of vertebral fracture, information about the loads
imposed onto the vertebral body and the load-bearing ca-
pacity of the vertebrae at the time of risk need to be quan-
tified. This concept has been defined as the factor of risk,
and represents the ratio of the load applied to the bone
over the load necessary to cause a fracture [42]. The load
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necessary to cause a vertebral fracture is determined by
the characteristics related to the vertebral body structure
and mineral content.

The determinants of bone failure load

The ability of the vertebral body to bear certain loads de-
pends on both the material properties of the bone and on
the geometrical distribution of the tissue components
which are able to withstand load [39]. Vertebral fractures
occur in cancellous bone, which has a complex microstruc-
ture. The volume of tissue contained within cancellous bone
is the “bone volume fraction,” and the mass of the bone
tissue within a given volume is the “apparent density.” The
cancellous apparent density is directly related to the load-
bearing capacity of the bone, and the ultimate stress which
represents the failure load per cross-sectional area is pro-
portional to the square of the apparent density [9]. How-
ever, two regions of apparent density can differ substan-
tially in ultimate stress as a result of trabecular microar-
chitecture. The ultimate stress along the superior to infe-
rior direction is twice that of the medial-lateral or anterior-
posterior directions [30]. Presently, noninvasive methods
to accurately characterize the trabecular morphology are
in development.

The final contributor to bone strength is the material
properties of the tissue. Local changes in collagen matrix
cross-linking, such as occur in osteogenesis imperfecta, or
changes in mineral content, such as occur in osteomalacia,
are known to affect the material properties. While the al-
tered bone material properties can be determined inva-
sively through chemical analysis, they can often be im-
plied by patient characteristics and clinical laboratory tests.
Overall, the strength of the vertebral body is related to the
bone mass, the macroscopic and microscopic distribution
of the bone mass and the material properties of the com-
posite bone.

Diagnosis of osteoporosis

Radiographic methods

Commonly used in vivo imaging techniques do not cap-
ture cancellous bone volume fraction and architecture.
Therefore, assessment of bone density occurs at the whole
bone level. Areal bone mineral density (g/cm2), measured
by dual x-ray absorptiometry (DXA), is a single measure
that captures both mineral content and bone size [10]. Stud-
ies have reported good correlation between bone mineral
density, as measured by DXA, and vertebral body failure
load [71]. There is a higher risk factor of fracture for a sim-
ilar load as the bone density decreases. Numerous clinical
studies have demonstrated that low bone mineral density
is associated with increased fracture rates for the spine [66].

The DXA scan can be performed in a lateral or antero-
posterior (AP) mode. The sagittal view is highly accurate
and correlates well with fracture risk [13, 93]. However,
with the presence of osteophytes and scoliosis, the preci-
sion decreases and may be artificially elevated, particu-
larly with osteosclerotic facet joints [62]. Above the age
of 60, lateral DXA avoids the posterior elements of the
spine, and may address this problem in patients typically
with evidence of osteoarthritis of the spine. However, the
overhanging ribs and the superior projection of the iliac
wing often obscure the L1 and L2, and L4 and L5 verte-
bral bodies, respectively, leaving one or two vertebral
bodies available for analysis. This may significantly de-
crease the precision of the methodology. As a consequence,
in patients over 60, attention is often directed to the hip,
where both the femoral neck and the total femur have ex-
cellent correlation with vertebral fracture risk [51]. Since
the hip has a greater content of cortical bone, there may be
a lag time between bone mineral density and recent bone
loss [63, 76]. Similarly, a comparable lag time may occur
in demonstrating improved bone stock as a consequence
of medical interventions.

Vertebral morphometry, which involves quantification
of the vertebral height and shape, has been used to evalu-
ate early vertebral deformities. These measurements have
traditionally been accomplished using lateral radiographs
of the spine [36]. An important advance in DXA imaging
includes the “instant vertebral assessment” (IVA) tech-
nique, also termed “morphometric X-ray absorptiometry”
(MXA). This allows visualization of both the lateral and
AP views of the spine from T4 to L4 [37, 26], and is a
new method for quantifying vertebral deformities. There
is a close correlation with radiographic evaluation of the
spine, and this supplement may detect early fractures.
Comparison with standard X-ray has shown a precision
error of approximately 2–3% [3, 27, 86]. Vertebral height
measurement is also significantly associated with bone
mineral density [5]. The scoliosis and kyphosis angles can
be measured for spinal segments, but placing the patient
in the prone position can often lead to an underestima-
tion of the true kyphosis. Scoliosis is affected to a lesser
degree, particularly in the elderly. MXA is a relatively
fast, low-radiation technique to identify prevalent verte-
bral deformities, particularly moderate to severe deformi-
ties of the middle thoracic to lumbar spine. It has a high
correlation to the gold standard lateral X-ray, and can be
obtained using a DXA machine with a single image [25,
26, 85].

Quantitative computed tomography (QCT) measures
volumetric bone mineral density of trabecular bone [32,
46], but has poor precision due to increasing fat content in
the marrow of older patients. This technique is also tech-
nologist-dependent, with high variability depending on the
site chosen for analysis. It has twenty times the radiation
of a DXA scan, and its current use is mainly in the re-
search setting.
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Laboratory measurements

Laboratory studies used to assess quality and quantity of
bone tissue in the spine are centered on bone marrow ab-
normalities (complete blood count, sedimentation rate,
serum and urine immunoelectrophoresis); endocrinopathies
(hyperthyroidism, hyperparathyroidism, type I diabetes mel-
litus, Cushing’s disease); and osteomalacia (25-hydroxy-
vitamin D, bone alkaline phosphatase, intact parathyroid
hormone, serum calcium and serum phosphate) [4, 94].
This latter group represents bone collagen breakdown prod-
ucts and may be further evaluated using urinary N-telopep-
tide, pyridinoline peptide, dehydroxypyridinoline peptide,
or serum c-terminal peptide. These markers identify ele-
vated bone turnover, which directly increases fracture risk,
and also screen for individuals with collagen variance,
which often have very low parameters of bone turnover,
such as osteogenesis imperfecta [2].

Treatment modalities

Osteoporosis has been divided into high-turnover and low-
turnover osteoporosis. The most common form is high-
turnover post-menopausal osteoporosis, in which osteoclast
resorption is accelerated. Bone formation is compromised
in low-turnover osteoporosis. Several families of agents
have been suggested and developed to address the high-
turnover state, including estrogen, selective estrogen re-
ceptor modulators (SERMs) such as raloxifene, calcitonin
and bisphosphonates. Although calcium and vitamin D
are not considered anti-resorptive agents, approximately
half of patients presenting at hospitals with hip fractures
show evidence of calcium deficiency and secondary hyper-
parathyroidism [75, 91]. Therapeutic physiologic levels of
calcium and vitamin D (1500 mg of elemental calcium,
400–800 units of vitamin D) have been shown in a series
of studies to significantly decrease osteoporotic fractures
in the elderly population, primarily by reversing secondary
hyperparathyroidism [19. 87].

Estrogen is an anti-osteoporotic agent, and has been
shown to increase bone mass while effecting a decrease of
vertebral fracture incidence by approximately 50% [54,
60]. Unfortunately, estrogen in combination with proges-
terone therapy is associated with increased cardiovascular
disease, initiation of dementia and a small rise in the risk
for breast cancer. As a consequence, estrogen is mainly
used in the early post-menopausal period to treat post-
menopausal symptomatology, and then lowered to the least
effective dose to control symptomatology [54]. It is no
longer recommended by the US Federal Government for
the treatment of osteoporosis [96].

SERMs, particularly raloxifene, are anti-resorptive
agents which have a significant anti-estrogen effect on
breast tissue. However, osteoblasts are preferentially stim-
ulated by SERMs and upregulate the rate of bone forma-

tion. Consequently, raloxifene has been shown to be an ef-
fective anti-resorptive agent in the treatment of osteoporo-
sis [24]. Post-menopausal use decreases vertebral frac-
tures by approximately 40% and increases spinal bone
mass [92]. Unfortunately, similar protective effects have
not been demonstrated in preventing hip fractures [20,
24]. Early data suggest that raloxifene decreases the risk
of breast cancer by 70% [12, 21], which was an early in-
dication for this agent. However, by stimulating estrogen
receptors, raloxifene similarly increases the risk of pul-
monary emboli and thrombophlebitis and may cause pro-
found post-menopausal symptomatology. In light of the
fact that it has no protection against hip fractures, raloxifene
is not considered a primary treatment for osteoporosis.

Calcitonin is an intranasal agent which has shown mod-
erate protection against spine fractures, with an incidence
decrease of 33% in one series [15]. However, it has little
to no effect on preventing hip fractures. There are some
controversial data suggesting that calcitonin may relieve
bone pain through an unknown mechanism. Its current
use is in alleviating painful vertebral fractures as a conse-
quence of osteoporosis, and only as a secondary antiresorp-
tive agent. It should be terminated as soon as pain has been
controlled, as other agents are much more successful.

Bisphosphonates include alendronate and risedronate,
both oral agents, and zolendronic acid and pamidronate,
given intravenously. These agents have been shown to be
extremely efficacious in high-turnover osteoporosis [43].
Bone turnover is rapidly decreased within 6 weeks with the
oral agents and within 3 days with the intravenous drugs.
They increase bone mass at all measurable sites and de-
crease fracture incidence by 50%, including in the spine
and the hip [7, 18, 57]. Bisphosphonates’ mechanism of
action involves interposition between osteoclasts and How-
ship’s lacunae, thus interfering with resorption. The drug
is then ingested by the osteoclast and disrupts cellular
membrane synthesis pathways, leading to the osteoclasts’
premature death [80]. Reported side effects of oral bis-
phosphonates include esophagitis and indigestion, but the
once weekly regimen appears to be better tolerated and
just as efficacious as daily dosing [65, 38]. Intravenous
therapies, while not tested specifically for treatment in os-
teoporosis, appear to be efficacious, and once yearly zole-
dronate (Zometa) infusions appear to be just as effective
as the oral dose of alendronate regarding bone mass [22].
Prospective fracture risk data are still lacking.

Bisphosphonates decrease bone turnover, and in very
high dosages in canine models have been shown to cause
fatigue fractures that are not actively repaired. Recent data
indicate that patients on alendronate for 10 years have an
8.6% fracture rate in the first three years and 8.1% in the
last five years, while the placebo group has a 19.6% frac-
ture rate [61]. Patients stopping alendronate therapy after
5 years retain the decreased fracture risk. This suggests
that bisphosphonates remain active for extended periods
once the bone surface has been coated. The half-lives of
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alendronate and risedronate are at least 10 years and 1.5–
3 years, respectively.

Fracture healing with bisphosphonates has been stud-
ied in animal models, and although callus remodeling was
somewhat delayed, the ultimate mechanical strength of the
repaired bone was unchanged compared to the controls [84].
There are no published data reporting the effects of bisphos-
phonates on spinal fusions. Overall, bisphosphonates are
extremely effective in the prevention of osteoporotic fragility
fractures. In addition, bisphosphonates are just as efficacious
in men as in women [1, 35, 78], and are particularly effec-
tive in preventing steroid-induced osteoporosis [14, 90].

The medications discussed to this point are aimed at
inhibition of osteoclastic bone resorption, and fracture
protection is afforded by the avoidance of significant bone
mass loss. However, in low-turnover osteoporosis, the pri-
mary disturbance is ineffective osteoblast activity. Anabolic
agents lead to bone mass accretion at a high rate. Parathy-
roid hormone (PTH 1–34) has been recently released for the
treatment of osteoporosis. It can lead to up to a 13% in-
crease in bone mass within a year of therapy, and appears to
have protection against fractures, although possibly slightly
later than the bisphosphonates [8, 17, 27, 29, 45, 73]. PTH
is given by a self-administered subcutaneous dose. Appro-
priate serum levels of PTH stimulate osteoblasts preferen-
tially, and do not lead to increased osteoclastic resorption.

As the cellular and genetic pathways activated by PTH
are elucidated, other benefits of PTH have been proposed.
Several articles report on the possible benefits of PTH on
augmentation of fracture healing [44, 47, 72, 77]. Callus
formation was accelerated by the early stimulation of pro-
liferation and differentiation of osteoprogenitor cells and
increases in production of bone matrix proteins [72]. There
are no data at this time answering the question of whether
PTH will play a role in enhancing spine fusion, though
similar mechanisms may be involved. For high-turnover
states, controversy exists as to the indications of PTH ver-
sus the bisphosphonates. Currently, we recommend bis-
phosphonates within the 1st year to impede the high os-
teoclast activity. Patients with low-turnover states, patients
who have been on bisphosphonates and have further
fragility fractures, or patients who have radiographic evi-
dence of loss of bone mass would be candidates for PTH.
Parathyroid hormone is acceptable in women of child-bear-
ing age. Concerns of osteogenic sarcoma have been voiced
regarding PTH due to PTH-like receptors on osteosarcoma
cells. Therefore, PTH is not recommended for patients
with higher rates of osteoblast activity, such as children,
patients who have undergone radiation, or patients with
Paget’s disease [6, 34, 83].

Fall prevention

Patients with osteoporosis who sustain one or more falls
within a year have a 25-fold higher risk of fracture [33].

Though hip fractures are typically considered the greatest
cause of morbidity in osteoporotic patients following a
fall, up to 15% of vertebral fractures are associated with
falls and account for significant morbidity [50]. Therapeu-
tic medications do not completely eliminate fractures, and
furthermore these often take between 6 months to 1 year to
become effective. Therefore, fall prevention becomes a
critical factor in fracture prevention [81, 98]. Fall history
can be determined through a complete patient interview,
as can the inability to rise from a chair without using the
hands, poor eye sight and neuromuscular impairment. Os-
teoporotic individuals without vertebral compression frac-
tures have single-limb stance times ranging from 13 to 15 s
[59]. Another easily administered and highly informative
test is the heel-toe straight line walk. When considering
the etiology for increased falls, a wide variety of factors
must be considered, including neurologic, metabolic, oph-
thalmologic, vascular and cardiac contributors. The inter-
play of these factors to cause increased falling may best be
evaluated in the hands of a neurologist, physiatrist, or a
clinician with similar interests.

Fall prevention is achieved by balance training [98].
While therapeutic exercises for bone mass accretion focus
on load bearing exercises [95], balance training utilizes a
different array of activities. Enhancement of muscle coor-
dination through water therapy and games, particularly
racquet games, which require movement in different di-
rections, have been successful. Tai Chi programs for fall
prevention were first described by Wolf et al., who reported
a decrease in falls by 47.5% and a similar subsequent de-
crease in fracture risk [100]. Its efficacy has been confirmed
more recently [53, 101]. At the Hospital for Special Sur-
gery, our Tai Chi program has been extremely well re-
ceived, and 1-year follow-up has indicated that the major-
ity of patients continue to perform Tai Chi after they grad-
uate from the class. Regarding the fracture risk with exer-
cise programs, as bone mass decreases, loads applied an-
terior to the center of gravity become more deleterious.
Relatively heavy weight-lifting should be discouraged in
patients with osteoporosis, and sit-ups or crunches should
be avoided. Patients should rely on isometric exercises to
strengthen abdominal musculature.

The characteristics of surfaces are extremely important,
as many vertebral fractures occur with falls. Carpets and
soft surfaces are suggested for individuals with a predis-
position for falling. In addition, for nursing home patients
with dementia or who are otherwise disoriented, floor sur-
faces adjacent to their beds must be closely scrutinized.

Future interventions

Recent investigations have suggested several local and
systemic procedures that may lead to rapid restoration of
vertebral body bone mass and architecture. The first group
includes direct intervention in a high-risk vertebral body,
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such as a vertebral body adjacent to a fusion, between two
vertebral fractures, or at a site of acute kyphosis. Potential
agents include the bone morphogenetic proteins (BMPs),
which have been demonstrated to lead to rapid bone aug-
mentation, specifically BMP-2 and its analog receptor ag-
onists[82, 102]. These agents may be placed directly in
trabecular bone and can rapidly lead to enhanced bone
mass, possibly by up to 30% within 6 weeks. The mechan-
ical properties of this bone, however, will be shaped by
the mechanical load applied to that vertebral body in the
following weeks to months. Local bone regeneration using
this technique can be maintained by systemic agents, in-
cluding bisphosphonates and PTH.

The second area involves the use of gene therapy. Most
growth factors and medications, even with slow release,
are metabolized and excreted within a relatively short pe-
riod of time. Lieberman and others have demonstrated that
the utilization of a BMP gene can continue the production
of BMP-2 over a long period of time, controlled by the
promoters within the inserted gene [56]. Whether the gene
is ideally transduced through a viral vector or through ex-
vivo insertion into appropriate cells is uncertain, but this
technique appears promising [88, 99]. It may be possible
to insert cells containing gene therapeutics which will pref-
erentially direct bone metabolism in osteoporotic vertebral
sites. There is preliminary evidence in animal models that
intravenous injection of specialized cells can be targeted
to the site of the fracture and then allow the incorporated
genes to produce their bone augmentation products.

Aside from activating biological systems to stimulate
bone formation in vivo, a family of biodegradable ceram-
ics has been established that can lead to mechanical bone
augmentation. They may be injected into vertebral bodies,
and because the size of their trabecular structure is similar
to human bone, they are gradually resorbed and replaced
by native bone over time [52, 97]. The calcium sulfate and
tri-calcium phosphate classes are more resorbable than bone
cements such as polymethylmethacrylate, but will still
lead to mechanical protection for a period of years.

Osteoporotic vertebral fractures occur commonly and
lead to long-term morbidity and mortality. Biomechani-
cally, they result from the structure, mass and material qual-
ity of cancellous bone. There are diagnostic tools available
which allow the clinician to recognize osteoporosis and to
further classify the underlying etiologies. Many US Food
and Drug Administration (FDA) approved agents now ex-
ist to address either the high-resorptive rate or the low-
formation state successfully, and have been shown to de-
crease the vertebral fracture rate. Patients presenting with
a fragility vertebral fracture require osteoporosis evalua-
tion and treatment, because further fractures in both the
spine and the hip will occur in the majority of individuals
who remain untreated. New methodologies on the horizon
include local and systemically administered substances,
including cements, proteins and genes which may rapidly
augment vertebral bone quality.
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Introduction

Osteoporosis is a disorder of decreased bone mass, mi-
crostructural collapse, and fragility fractures. It can affect
people of all ethnic backgrounds and can result in chal-
lenging complications, ranging from compression frac-
tures of vertebral bodies to femoral neck fractures [59].
The geriatric population is especially at risk for such os-
teoporotic fractures, as bone mass decreases with age
[53]. A loss of one standard deviation of bone mass dou-
bles the risk of spine fractures [34, 56, 59]. It is estimated
that 90% of hip and spine fractures occurring in the el-

derly are attributable to osteoporosis [45]. The conse-
quences of such osteoporotic vertebral fractures are di-
verse and include back pain, functional limitations and
impairment of mood [11, 37, 58].

A recent study in Canada examined the health-related
quality of life (HRQL) in women aged 50 years and older
with osteoporosis [1]. Subjects who had experienced a
vertebral fracture had lower HRQL scores than partici-
pants without fracture in total score, symptoms, physical
function, activities of daily living, and leisure. Acute com-
plications of osteoporotic vertebral fractures include tran-
sient ileus, urinary retention, nausea, abdominal pain and
chest pain [41, 49]. Long-term effects of osteoporotic frac-

Abstract There is a relatively high
prevalence of osteoporotic vertebral
compression fractures (VCFs) in 
the elderly population, especially in
women aged 50 or older. The result
of these VCFs is increased morbidity
and mortality in the short and long
term. Medical treatment of these
fractures includes bed rest, orthotics,
analgesic medication and time. Per-
cutaneous vertebroplasty (PVP) con-
sists of percutaneous injection of bio-
material, such as methylmethacry-
late, into the VCF to produce stability
and pain relief. Biomechanical test-
ing has shown that PVP can restore
strength and stiffness of the vertebral
body to the pre-fracture levels. Clini-
cal results show immediate and main-
tained pain relief in 70–95% of the
patients. Possible major complica-
tions include cement leakage into the
spinal canal or into the venous sys-
tem. Additionally, percutaneous ver-
tebroplasty may alter the normal

loading behavior of the adjacent ver-
tebral body, and there is an increased
risk of adjacent segment VCF. Kypho-
plasty is a new technique, which in-
troduces a balloon into the vertebral
body transpedicularly to reduce the
VCF while creating a cavity for the
cement injection. This technique has
the benefit of kyphosis reduction as
well as less cement leakage. Research
continues into the development of in-
jectable biomaterials that are resorb-
able and allow for new bone forma-
tion. Vertebroplasty and kyphoplasty
are safe and effective in the treat-
ment of osteoporotic VCFs. They
may allow for a faster return to func-
tion, and thus avoid the morbidity
associated with medical treatment.
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tures include increased kyphosis, deconditioning, insom-
nia and depression [14, 32, 41, 49]. Physiologic changes
include significant diminution of pulmonary function in
patients with spinal osteoporotic fractures and increased
kyphosis. The degree of pulmonary function reduction
correlates with the severity of the kyphosis [55]. In addi-
tion to the increased morbidity, mortality may also in-
crease after osteoporotic vertebral fractures. A study from
the Mayo Clinic found the estimated survival at 5 years
after spine fractures in the elderly to be 61% compared
with the expected value of 78% [12]. Treatment of osteo-
porosis to prevent such fractures is thus justified.

While physicians are aware of the risks of osteoporosis
and fractures, the disease remains under-diagnosed and un-
der-treated. A survey of physicians who treated elderly pa-
tients residing in long-term care facilities found that while
the physicians are well aware of the prevalence of osteo-
porosis in their patients, 45% of the physicians did not
routinely assess their patients for the disease and 26% did
not routinely treat it [44]. One can only assume the use of
preventive measures is even lower, which leads to a higher
prevalence of osteoporotic vertebral compression fractures
(VCFs). The prevalence of these fractures in women aged
50 or older has been estimated at 26% [58].

Historically, the painful VCF has been treated med-
ically. Surgery in these patients has been limited because
of its inherent risks, invasiveness and the poor quality of
osteoporotic bone. However, surgery is indicated in patients
with instability or neurological deficit [16]. The medical
treatment of stable osteoporotic fractures without neuro-
logical involvement includes bed rest, orthotic manage-
ment, narcotic analgesia, and time. Each of these modali-
ties has side effects: bed rest over time results in loss of
muscle mass, bone density and resultant deconditioning
[10], braces are poorly tolerated [30], and narcotic med-
ication can lead to mood or mental alteration. As a result,
there has been a search for alternative ways to treat VCFs.
Percutaneous vertebroplasty has become a very popular,
safe, and effective treatment for this condition.

Percutaneous vertebroplasty (PVP) is a minimally inva-
sive technique consisting of percutaneous injection of bio-
material, usually methylmethacrylate, into the pathologic
fractured area, stabilizing the fracture and more impor-
tantly decreasing pain and improving function. It was first
developed by Deramond in France in the late 1980s [19].
Initially it was used for treatment of aggressive hemangio-
mas and osteolytic neoplasms. However, as it proved suc-
cessful with these lesions, the indications also expanded to
include osteoporotic compression fractures refractory to
medical treatment. The initial experience with vertebro-
plasty for the treatment of osteoporotic fractures has
shown 70–95% pain relief [3, 13, 15, 18, 22, 23, 26, 28,
29, 31, 33, 46, 50, 51, 61]. The mechanism by which PVP
achieves its palliative effect is not known. It may be due to
the initial stability that it provides or due to neuronal dam-
age caused by heat liberated during polymerization [17].

Vertebroplasty: 
technique with polymethylmethacrylate

PVP is performed under fluoroscopic guidance. The pa-
tient is under conscious sedation and is positioned prone
on a radiolucent table. Adequate and clear pictures must
be obtained prior to the start of the procedure, as it is cru-
cial to be able to visualize the cement being injected into
the vertebral body. The back is then prepped and local
anesthetic is injected over the area of needle placement.
Under fluoroscopic guidance, an 11-G bone marrow biopsy
needle is introduced into the fractured vertebra via a
transpedicular approach (Fig. 1a,b). In the thoracic spine,
one can opt to enter the vertebral body extrapedicularly,
between the rib head and the lateral aspect of the pedicle.
The needle is then advanced to the anterior half of the ver-
tebral body. At this point, an optional intraosseous venogram
can be performed to aid in placement of the needle out of
the venous flow path to avoid embolization to the lungs.
Additionally, the intraosseous venogram can aid in deter-
mination of the flow pattern in the vertebral body, which
may allow for cement leaks. Once the needle is in the cor-
rect position, the cement is injected. The cement should be
radio opaque, with addition of barium powder or tungsten
powder. Each kit of polymethylmethacrylate (PMMA) ce-
ment can be mixed with 5.0 g barium sulfate and 2.0 g
tungsten powder [3]. The cement is allowed to achieve a
paste-like consistency prior to injection. Using a 1-cc or
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Fig. 1 a,b Radiograph of an osteoporotic fracture with a needle in
the fractured vertebra. c Computed tomography scan showing nee-
dle positioning



3-cc syringe, the cement is injected into the vertebral body
under fluoroscopic guidance. Filling of the posterior one-
third of the vertebral body should signal the end of the in-
jection to avoid overfilling (Fig. 2). Typical volumes for
cement injection are 2–3 cc for thoracic and 3–5 cc for
lumbar vertebrae [3]. Usually there is symmetrical filling
of the vertebral body, but if it is asymmetrical, then the
contralateral pedicle can be used for further delivery of
the cement. After the procedure, the patients are allowed
to ambulate as tolerated.

Biomechanical considerations

There is a continual effort being made to optimize the
technique of PVP. Biomechanical and clinical studies have
been performed to determine the characteristics of differ-
ent cements, the role of cement volume, and differences in
the approach used (unipedicular vs bipedicular). Presently
acrylic cement such as methylmethacrylate is used most
frequently for PVP. Use of cement in a fractured vertebra
has been shown to increase vertebral body strength and
stiffness [4, 8, 25, 40]. Other materials, like glass-ceramic
matrix [4], calcium phosphate [40], and hydroxyapatite
[8, 25] have also been compared to methylmethacrylate
and have shown similar biomechanical properties. The
theoretical clinical benefit of using calcium phosphate or
hydroxyapatite is that they are osteoconductive and can
undergo remodeling, although the ability of pathologic os-
teoporotic bone to regenerate or, for that matter, to re-
model is questionable.

The effect of different cement volumes on the biome-
chanical properties of the vertebrae depends on the type of
cement used. Belkoff et al. [6] showed that when using
Orthocomp, thoracic and thoracolumbar vertebrae needed
4 cc and lumbar vertebrae needed 6 cc to restore stiffness
to the pre-fracture levels. For simplex P, the volumes
needed were 6 cc and 8 cc, respectively. Using anatomi-
cally accurate finite-element models, it has been shown
that approximately 15% volume fraction or approximately
3.5 cc is needed to restore stiffness of the vertebra to pre-

fracture levels and that overfilling can increase the stiff-
ness beyond that of the intact state. Overfilling has several
other disadvantages: it can cause asymmetrical distribu-
tion and lead to single-sided load transfer and toggle, it
can lead to leakage of cement into the epidural space [54],
and in the long term it can cause increased stress on adja-
cent vertebrae, leading to increased risk of adjacent level
fractures [9].

Whether to perform a bipedicular or unipedicular ap-
proach depends on the individual case. In biomechanical
controlled studies, no significant difference has been found
between the two techniques in terms of strength and stiff-
ness [6, 39]. Further analysis, however, shows that while
providing the same strength and stiffness, the use of a uni-
pedicular approach leads to a medial-lateral bending mo-
tion or toggle toward the untreated side with uniform load-
ing [39]. The clinical significance of this toggle is not
known. Clinically, the two techniques have been shown to
give similar results. The unipedicular approach can result
in filling across the midline in 96% of cases [33]. The
mean opacification of the vertebral body did not differ be-
tween the groups. More importantly, there was no differ-
ence in the amount of pain relief achieved with the two
techniques.

Clinical results: literature review

The clinical results of PVP from the United States, Europe,
and Asia show a 70–95% success rate in relieving pain.
Most reports in the literature are retrospective, although a
few prospective studies have been published. The main
indication for the procedure is pain persisting despite non-
operative treatment of osteoporotic compression fractures.
One series bravely included four burst fractures treated
with PVP [46]. The majority of the cases are around the
thoracolumbar area. The largest retrospective study [18]
was a collaboration between seven centers in the US, where
488 consecutive patients underwent PVP for vertebral com-
pression fractures. A telephone questionnaire was con-
ducted with 245 patients at median of 7 months’ follow-
up. Questions were designed to measure pain, ambulation,
and ability to perform activities of daily living. The pain
decreased from a mean of 8.9 pre PVP to 3.4 post PVP.
Ability to ambulate was impaired in 72% pre PVP and in
28% post PVP. Ability to perform activities of daily living
improved significantly post PVP. There was a 4.9% rate
of minor complications.

In another study, Barr et al. [3] studied 38 patients with
70 symptomatic fractures who had failed to respond to
medical treatment. After undergoing PVP, 63% reported
marked to complete relief and 32% had moderate relief of
pain. Peh et al. [50] retrospectively studied 37 patients with
48 compression fractures treated with PVP. At a mean fol-
low-up of 11 months, pain relief was complete in 47% and
partial in 50%.
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Fig. 2 a Computed tomography scan showing cement filling after
bilateral needle injection. b Lateral view radiographic control



More recently, prospective studies have shown similar
success with PVP. The largest prospective study [43] re-
ported on 100 patients who underwent PVP for vertebral
compression fractures. At final follow-up averaging 21
months, 97% of the patients reported significant pain re-
duction, with the VAS improving from 8.9 to 2.0. Cortet
et al. [13] added to the literature by reporting on 16 pa-
tients with 20 VCFs of more than 3 months’ duration not
responding to medical treatment. They all underwent PVP
and showed a statistically significant improvement in
VAS pain score immediately after the procedure, which
remained at 30, 90, and 180 days after the procedure. Ad-
ditionally, there was a significant improvement in the gen-
eral health status as assessed by Nottingham Health Pro-
file, which includes pain, mobility, emotional reaction, so-
cial isolation, and energy.

The longest follow-up has been reported by Perez-
Higueras et al. [51], who followed 13 patients with VCFs
for at least 5 years following PVP. The VAS improved sig-
nificantly from a score of 9 pre PVP to 2 immediately post
PVP, to 1 at 3 months. At 5 years, the VAS was 2.2. Signif-
icant improvement after treatment with PVP was also noted
on the McGill Questionnaire.

The safety and efficacy of the procedure in the upper
thoracic spine was reported by Kallmes et al. [29], who
studied 41 patients with 63 vertebral compression frac-
tures from T4 to T8. There was a significant pain reduc-
tion, as the mean VAS decreased from 9.7 pre PVP to 1.7
post PVP. There was one case of a pedicle fracture and no
cases of pneumothorax.

The issue of timing of vertebroplasty was reviewed by
Kaufman et al. [31]. Seventy-five patients with 122 VCFs
underwent PVP. The age of the fracture at time of PVP
was not independently associated with post PVP pain or
activity. The procedure was efficacious in reducing pain
and improving mobility in patients, regardless of the age
of the fracture. However, the authors found that increasing
age of the fracture was independently associated with in-
creased needs of analgesia post PVP. Whether the delay in
carrying out PVP leads to tolerance of and dependence on
pain medication, leading to higher requirements post PVP,
is not known.

Complications

While these clinical studies have shown good success rates
in improving pain and function, the procedure is not with-
out risks and complications. Most series report a compli-
cation rate of between 4 and 6% [3, 15, 18, 28]. Reported
complications associated with the insertion of the needle
include rib fractures [28], neuritis [3], pedicle fracture
[29], and infection [29]. The most feared complication is
the potential for leakage of cement into the spinal canal
(Fig. 3) or into the venous system. Cement leakage into
the spinal canal has been reported in a small number of

patients without causing any clinical symptoms [46], while
there have been reports of transient neuropathy [28] and
one case of paraplegia associated with PVP of T11 [36].
We have consulted on a patient in whom PVP was per-
formed for burst fracture of L2 with cement leakage into
the spinal canal causing symptoms of spinal stenosis. The
patient underwent a decompression and removal of ce-
ment from the spinal canal.

Leakage of cement into the venous system can have a
spectrum of clinical consequences, from being asymp-
tomatic [51], causing pulmonary embolism [27, 47], or
causing a paradoxical cerebral artery embolization in a
patient with patent foramen ovale [57]. In a recent study
[46], 17 patients had CT scans performed immediately af-
ter undergoing PVP. Cement in the epidural veins adjacent
to the vertebra was found in 48% of the cases, with only
one patient developing a transient neuritis. The risk of ce-
ment leakage into the spinal canal or venous system is in-
creased with higher volumes of injected cement [54]. This
problem is so feared that some have advocated the use of
pre PVP venography to assess the risk of cement leakage.

Venography can document sites of potential leakage dur-
ing cement injection [21, 42, 63]. In one study [42], venog-
raphy was performed prior to vertebroplasty, and the results
retrospectively reviewed. Venography could predict the
flow characteristics of cement within the vertebral body and
within the venous structures. While venography could pre-
dict cement leakage into endplates or central defects in
100% of cases, it could only predict leakage into the ve-
nous structures in 29% of the cases. Another study [63]
specifically looked at 205 PVP procedures in 137 patients
without antecedent venography, and found only one ce-
ment leakage causing symptoms of radiculopathy. The value
of antecedent venography will need to be determined with
prospective studies.

A topic of interest is the occurrence of new vertebral
body fractures after PVP in patients with osteoporosis [2,
9, 62]. This was noted in a follow-up of 25 patients who
underwent PVP. The average follow-up was 48 months.
The authors found a significantly increased risk of verte-
bral fractures adjacent to a cemented vertebra, with the
odds ratio of 2.27, whereas the odds ratio for sustaining a
vertebral fracture next to an uncemented fracture was 1.44
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Fig. 3 Cement leakage in the
foramen



[23]. In another report [62], 177 patients treated with PVP
for osteoporotic fractures were followed for a minimum
of 2 years. Twenty-two patients (12.4%) developed a total
of 36 new vertebral body fractures. Two-thirds (67%) of
the new fractures involved a vertebra adjacent to a previ-
ously treated vertebra.

New developments for treatment 
of osteoporotic spine

Kyphoplasty

Vertebroplasty carries its share of risks and complications,
but it does lead to significant pain reduction and improved
function. It does not, however, improve the sagittal bal-
ance or the kyphosis caused by the fracture. Kyphoplasty is
a new technique, which tries to address this issue. Kypho-
plasty is similar to vertebroplasty except that it calls for
introduction of an inflatable bone tamp into the vertebral
body which, when inflated, tries to restore the vertebral
body height back to its original height while creating a
cavity that can be filled with cement (Fig. 4). This tech-
nique is performed via a bipedicular approach for a uni-
form restoration of the compression. Why might reduc-
tion of the kyphosis be important in these patients? It has
been shown that patients with spinal osteoporotic frac-
tures have significantly diminished pulmonary function
compared to those without fractures. More importantly,
the reduction in the pulmonary functions has been shown
to correlate significantly with severity of the spinal defor-
mity [55]. Furthermore, it has been shown that, if left un-
treated, the thoracic compression fracture can lead to
worsening of the kyphosis over 3 months and further de-
terioration at 3 years [14]. If the kyphosis can be cor-
rected, pulmonary functions may improve and further col-
lapse may be avoided.

An ex vivo biomechanical evaluation comparing verte-
broplasty to kyphoplasty showed that both techniques re-
sult in significantly stronger vertebral bodies relative to
the initial fractured state. Kyphoplasty was able to restore
vertebral height to 97% of the original height. Vertebro-
plasty resulted in a significantly lower restoration of ver-

tebral height, to 30% of the original height [5]. The abil-
ity to restore vertebral body height has been shown in other
laboratory studies as well [7, 64]. Clinical studies have
shown increased vertebral height, but not the level of in-
crease obtained in the laboratory. Lieberman et al. [38] re-
ported on 70 consecutive kyphoplasties performed on 30
patients for painful VCFs with a mean duration of symp-
toms of 5.9 months. The patients were followed prospec-
tively for 3 months. In 70% of the patients, height was re-
stored to 46.8% of predicted values. In 30% of the pa-
tients there was no restoration of height. Pain and physical
functional scores significantly improved after kyphoplasty.
Although no conclusions could be made with regards to
the age of the fracture and the ability to regain height, the
authors got the “impression” that they were able to restore
height more predictably in fractures less than 3 months
old. A balloon failure rate of 20% and cement leakage rate
of 8.6% was also reported.

Since the approval of kyphoplasty by the FDA in 1998,
a multi-center study in the US has been initiated, with re-
sults reported for 2,194 kyphoplasty procedures in 1,439
patients [20]. In fractures less than 3 months old, the av-
erage fractured vertebral body height improved from the
71% pre treatment to 92% after treatment. In fractures
more than 3 months old, the height improved from 74%
pre treatment to 84% after treatment. Ninety percent of
the patients had relief of their pain as they returned to the
pre-fracture level of pain medication use. There were three
thoracic level parapareses related to instrument insertion
through the medial wall of the seventh pedicle with cord
injuries, and there was one case of epidural hematoma in
a patient on anticoagulation medication. These complica-
tions occurred in the first 100 fractures treated. Since
technique adjustment, no neurological complications have
been reported.

Kyphoplasty has the added benefit of less cement leak-
age. When the balloon is inserted and inflated, it forms a
contained cavity that can then be injected. As the cement
travels along the path of less resistance, it will then fill
this empty cavity rather than flowing into the surrounding
osseous or venous structures. In an in vivo comparison of
the potential for extravertebral cement leakage after verte-
broplasty and kyphoplasty, there were significantly lower
rates of leakage of contrast material with kyphoplasty
[52]. In the recent US experience, there was only one ce-
ment embolus, without breathing consequences [20].

Vertebroplasty using Cortoss

Cortoss is a new synthetic bone void filler that contains
bis glycidyl methyl-methacrylate, bisphenol, a polyethyl-
ene glycol diether dimethylacrylate, triethyleneglycol di-
methylacrylate monomer and bioactive glass ceramic [60].
It is provided in a double lumen cartridge with specially
designed tips for mixing. After the composite is expressed
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Fig. 4 The inflated balloon re-
stores vertebral body height,
while creating a cavity that can
be filled with cement (kypho-
plasty)



through these tips, polymerization begins and the material
is ready for use. The monomer is not volatile and Cortoss
polymerizes in a three-dimensional network, which mini-
mizes the chances of leaking. After mixing, the material
has the consistency of toothpaste, and stays that way until
it polymerizes quickly, in a matter of seconds. This char-
acteristic provides a consistent tactile feedback and allows
for an even injection. The polymerization has a much
lower exotherm than PMMA (63°C vs 84°C), which re-
duces the risk of thermal necrosis. The modulus of elas-
ticity of Cortoss is close to that of bone [60]. This com-
posite is bioactive, and in animal studies the cement-bone
interface continues to be strengthened over time with bone
apposition occurring at the interface without any fibrous
interposition. Cortoss cement appears well suited for use
in the treatment of VCFs. The aliquot delivery system al-
lows for accurate amounts of cement to be injected di-
rectly into the region of interest.

A prospective clinical study has been conducted at our
institution with Cortoss [48]. To participate, patients had
to have fracture-related pain measuring at least 50/100 on
the VAS, which also caused a change in lifestyle or dis-
ability. Patients were scheduled for follow-up at 4 days, 
1 week, and 1, 3, and 6 months after the procedure. Two
metal trocars of 10 G diameter were introduced through
the pedicles at each level treated. Twenty-four patients
with osteoporotic fractures were enrolled. The average
pain scores were 69 preoperatively and 38 at 4 days post-
operatively. The scores continued to decrease, to 33 at 
1 week and 29 at 1 month, and then returned to 33 at 
6 months. This represents a reduction of pain of 46% at 
6 months. The quality of life has been evaluated with the
short form 1 (SF-12) questionnaire. Ability to ambulate
was impaired in 75% preoperatively and in 28% at 6 months
postoperatively. Ability to perform activities of daily liv-
ing improved significantly post PVP. There was a 3% rate
of minor complications, and no leakage into the spinal
canal. Results indicate that Cortoss addresses the short-
comings of PMMA for vertebroplasty augmentation. This
cement is a fixed composition material with less variabil-
ity than current variations of PMMA, and in conjunction
with the Aliquot delivery system can be accurately deliv-
ered in incremental doses without excessive material
waste.

Bone substitutes in vertebroplasty

As requested by Heini [24], bone substitutes for vertebro-
plasty need the following properties: injectability, radio-
pacity, adapted viscosity, long setting time, good mechan-
ical properties for the load (compressive strength/stiff-
ness), biocompatibility, bioactivity, and slow degradation.
Calcium phosphate cement meets these criteria well. In
their ceramic form they cannot be used as injectable de-
vice. Tetracalcium phosphate with dicalcium hydroxy ap-
atite and amorphous calcium phosphate also meet the cri-
teria and are readily available. They can be injected through
a 10- or 11-G needle. The results of animal tests are very
promising, and in vitro experimental studies have shown
interesting resistance in compression, of around 45 MPa.
As reported by Le Huec [35], these resorbable calcium
phosphates provide the calcium for local bone formation
and are of great interest for the treatment of osteoporotic
fractures. Clinical applications on humans are in progress,
but the results of these studies have not yet been pub-
lished. Also yet to be reported on is the effect of combin-
ing the use of resorbable calcium phosphates with bone
morphogenic protein as a carrier, which is a promising
technique to promote bone healing in fracture cases.

Conclusion

Kyphoplasty and vertebroplasty are safe and effective in
the treatment of osteoporotic VCFs that do not respond to
conservative medical treatment. Kyphoplasty has the po-
tential benefit of restoring the height of the vertebral body
and reducing kyphosis, but the clinical benefit of this
needs to be studied by prospective randomized trials com-
paring the two techniques. The other question remaining is
whether we should perform vertebroplasty or kyphoplasty
in patients with osteoporotic fractures in an acute setting,
or wait until failure of medical treatment before carrying
out the procedure. This question is also best addressed by
conducting a prospective randomized trial comparing con-
servative treatment to vertebroplasty and kyphoplasty.
Bone substitutes are promising devices to treat osteo-
porotic fractures, but more experimental and clinical data
are required to assess their efficacy in this application.
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Introduction

Osteoporotic vertebral compression fractures (VCFs) are
the most common type of fracture, followed by hip frac-
tures. The incidence rate is 117 per 100,000 persons per
year, but it accounts for 41,000 hospitalizations per year,
with an average length of stay of 20 days [7, 10]. The Eu-
ropean Commission estimates hospital expenditures in
Europe to be greater than 340,000,000 Euro (almost 1,000
Euro per day) [10].

This economic burden [10] is partly the result of pro-
gressive kyphosis and chronic pain, often leading to sig-
nificant morbidity in the elderly individual [19]. Pain can
be caused by nociceptors in bone itself, the disc complex,
the perivertebral structures, through nerve compression,
joint or muscle pain. Although the majority of patients with
this injury experience a benign and self-limited course of
gradually resolving pain, a significant number continue to
experience chronic pain, progressive kyphosis and dis-
ability. Long-term consequences include significantly de-

creased activities of daily living (ADL) amounting to five
million limited activity days in the U.S. [28]. As a conse-
quence, patients suffer from an increased dependence on
others, sleeping disorders and clinical anxiety, including
reduced mobility [13, 32]. Furthermore, VCF symptoms
and consequent treatments may include overall inactivity,
which leads to further bone loss and potential fracture. Pa-
tients treated for sleeping disorders with sedatives are less
astute, which puts the patient at risk for falls. Decreased
ADL with dependence on others further reduces the nec-
essary activity level and strain on bone for healing pro-
cesses [23]. Malnutrition from early satiety due to a com-
pressed stomach results in poor calcium intake [32]. Fi-
nally, hyperkyphotic patients are at risk of reduced pul-
monary function [30].

Diagnosis

VCF diagnosis requires a detailed history and physical ex-
amination. Investigations should be aimed at excluding

Abstract Osteoporotic vertebral
compression fractures (VCFs) are as-
sociated with a series of clinical con-
sequences leading to increased mor-
bidity and even mortality. Early di-
agnosis and therapeutic intervention
is desirable in order to remobilise pa-
tients and prevent further bone loss.
Not all fractures are, however, suffi-
ciently treatable by conservative
measures. Here, vertebroplasty and
kyphoplasty may provide immediate
pain relief by minimally invasive
fracture stabilisation. In cases of
acute fractures, kyphoplasty has the
potential to reduce kyphosis and re-
store the normal sagittal alignment of

the spine. The complex nature of
systemic osteoporosis, coupled with
the intricate biomechanics of verte-
bral fractures, leads to a clinical set-
ting which is ideally treated interdis-
ciplinarily by the rheumatologist and
spine surgeon.
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