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Bone loss in spinal cord-injured patients: from physiopathology to therapy
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Study design: Review article on bone metabolism and therapeutic approach on bone loss in
patients with spinal cord injury (SCI).
Objective: The first part aims to describe the process of bone demineralization and its effects
on bone mass in patients with SCI. The second part describes and discusses the therapeutic
approaches to limiting the alteration in bone metabolism related to neurological lesions.
Setting: Propara Rehabilitation Center, Montpellier, France.
Results: During the first 24 months postinjury, demineralization occurs exclusively in the
sublesional areas and predominantly in weight-bearing skeletal sites such as the distal femur and
proximal tibia, both of which are trabecular-rich sites. Reduced bone mass, in association with
a modified bone matrix property and composition, is very likely at the origin of pathological
fractures after minor trauma to which these patients are frequently exposed. Since these
fractures may be asymptomatic yet may lead to complications, preventing and managing
‘neurological osteoporosis’ remains a considerable challenge. Two main approaches are
considered: the first consists in applying a mechanical stimulus to the bone tissue by standing,
orthotically aided walking or functional electrical stimulation (FES). The second uses
medications, particularly antiresorptive drugs such as calcitonin or diphosphonates.
Conclusion: To develop well-adapted treatments, a more precise understanding of bone loss
etiology is needed. The current rehabilitation programs are based on the idea that the bone physio-
logical changes observed in patients with SCI are due to immobility, but results indicate that
alterations inherent to neurological damage may play an even greater role in inducing osteoporosis.
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Introduction

Spinal cord injury (SCI) has wide-ranging psychological
and pathological effects, these last including an increase
in bone resorption,1–3 hormonal alterations4–6 and
modification of body composition.7,8 The annual in-
cidence of SCI differs according to the source but ranges
from approximately 28.5 to 40 cases per million
population.9,10 Quadriplegia resulting from injury of
the cervical spinal cord represents 56% of the cases,
whereas paraplegia resulting from injury of the thoracic,
lumbar, or sacral regions represents 44%.9 The most
frequent cause of injury is mainly traffic accidents (43–
50%), followed by falls, sports accidents, and acts of
violence.9,10 Male patients are about four times as
numerous as females9,10 and the incidence of lesions is
the highest in the 15–24-year group for both genders.9,11

The mean age at the time of injury ranges from 27 to
32.4 years for males and from 31 to 35.4 years for
females.9,12 Since the incidence of SCI is highest among
young people9 and the life expectancy of these patients
has increased dramatically since the Second World
War,12,13 strategies to prevent certain pathologies known
to accentuate disability are necessary. Moreover, the
future prospects of restoring mobility to these patients
are strong encouragement to maintain the original
qualities of both muscle and bone tissue. The clinical
approaches to limiting the alterations in bone metabo-
lism related to neurological lesions will be described and
discussed from a physiopathological perspective.

The physiopathological context

Osteoporosis is one of the major complications in
patients with SCI.1,14 The neurological lesion and
subsequent immobilization induce early and severe bone

*Correspondence: L Maı̈moun, Centre Mutualiste Neurologique
Propara, Parc Euromedecine, 263, rue de la Caducée, 34195
Montpellier, France

Spinal Cord (2006) 44, 203–210

& 2006 International Spinal Cord Society All rights reserved 1362-4393/06 $30.00

www.nature.com/sc



loss,11,15,16 especially in young adults.17 During the first
months postinjury, demineralization occurs exclusively
in the sublesional areas and predominantly in weight-
bearing skeletal sites such as the distal femur and
proximal tibia, which are trabecular-rich sites,3,11,15,18,19

while the diaphyseal areas of the femur and the tibia,
which are cortical-rich sites, are relatively spared.19

Using the dual energy X-ray absorptiometry (DEXA)
technique, Wilmet et al 7 reported a decrease in bone
mineral content (BMC) during the first year postinjury
of about 4% per month in areas rich in trabecular
bone and 2% per month in areas containing mainly
cortical bone. This clear dissociation of bone mineral
density (BMD) loss between the trabecular and cortical
compartments has been confirmed using the peripheral
quantitative computed tomography (pQCT) techni-
que.20,21 This method showed that in the epiphysis,
bone mass loss is related to BMD decrease, while in
the shaft it is related to reduced cortical wall thickness
by the process of endosteal resorption.21 Paradoxically,
at the lumbar spine, which is mainly constituted of
trabecular bone, no reduction in BMD occurs whatever
the lesion level or postinjury duration.1,3,11,16–18,22–31

This has been demonstrated to be due to continuous
body weight-bearing during wheelchair use.1,11,23,24

However, it should be kept in mind that in certain
cases, BMD at the lumbar spine can be ‘falsely
increased’ by neuropathic spondylopathy.32

The exact etiology of bone disturbance in SCI patients
is not precisely known. The affecting factors may include
a decrease in the mechanical force applied to bone,33,34

lesion-induced blood circulation abnormalities at the
sublesional level that affect bone cell differentiation,35

and hormonal deficiencies.4–6,36 Moreover, the anato-
mical distribution of bone loss between axial and
appendicular skeleton is unique compared with the
endocrine causes of osteoporosis.16 Recently, our group
reported a marked modification in the osteoprotegerin/
RANKL system in recent SCI patients.3 During the first
months following injury, the releasing of the mineral
phase modifies calcium homeostasis.37,38 Hypercalcemia
and hypercalciuria,37–40 which lead to the development
of renal calculi41 and to alterations in the calciotropic
hormonal profile,2,3,38,42–44 are the most commonly
encountered abnormalities. Histomorphometric data
demonstrated that the principal cause of bone loss is
the increase in bone resorption as defined by an
augmentation in eroded surfaces and of the number of
osteoclasts.14 The use of bone biochemical markers
revealed that bone resorption continuously increases
from the first weeks postinjury and peaks between weeks
10 and 16,2,3,18,44,45 with values reaching up to 10 times
the upper limits of normal.2 Moreover, after 1 year, the
markers of bone resorption, such as hydroxyproline and
deoxyproline, remain elevated.19 At the same time, bone
formation markers show only a minor rise.2,3,19,44,46 The
imbalance between bone formation and bone resorp-
tion2,46,47 is responsible for this bone loss, which begins
just after injury and peaks 3–5 months later.2,7,15,46

From about 16–24 months postinjury, the bone meta-

bolic process tends toward a new steady state,11,15,47 but
various studies have indicated that BMD at different
sites declines with increasing age and is inversely related
to the time after injury, which indicates continuous bone
loss beyond the first 2 years postinjury.17,21,27,48–50 In
this relatively stable phase, high bone loss corresponding
to 30–50% of the normal value, depending on the
bone site and the age of the subject, has been
reported.11,15,17,27 Bone loss at the lower limbs is inde-
pendent of the lesion level,15,19,23,30,31,48,51 while bone
loss at the upper limbs is observed only in tetraplegic
patients.11,15,19,20,48,51,52 Consequently, the neurological
level determines the extent, but not the degree, of the
demineralization.15 In addition, bone alterations may be
greater in SCI individuals with a complete lesion than
in those who sustain incomplete lesions.18,28,48,53–55 The
bone mass reduction associated with a modification of
bone matrix composition45 and reduced bone elasticity56

is very likely at the origin of the pathological fractures
after minor trauma to which these patients are fre-
quently exposed.50,57,56 In a cross-sectional study,
Szollar et al29 reported that bone loss was detectable
by densitometry from 12 months postinjury in an age
group ranging from 20 to 39 years and that the fracture
threshold was reached from 1–9 years after SCI. Lazo
et al50 showed that 25 out of 41 SCI subjects (61%) met
the World Health Organization (WHO) criteria for
osteoporosis (T-scores 42.5 SD), eight (19.5%) were
osteopenic (T-scores¼ 1–2.5 SD) and only eight (19.5%)
showed normal values (T-scores p1 SD). The incidence
of fracture has been reported to be between 1 and 6% of
the patients but is probably underestimated.56,58,59 Lazo
et al50 also reported a higher frequency of history of
fracture (34% of patients). The predominance of bone
demineralization at the distal femur or proximal tibia
could explain why these areas are preferential fracture
sites.60 The decrease in BMD is certainly the main
causative factor.1,50,60,61 For example, a BMD decrease
at the femoral neck of 0.1 g/cm2 increased the risk of
fracture by 2.2.50 As these fractures are asymptomatic,
induce complications (callus formation, pressure sores,
increased spasticity, etc)56 and require long-term im-
mobilization for treatment, preventing and managing
osteoporosis remains a considerable challenge. Over the
past few decades, many studies have investigated
treatments to limit or reverse the degenerative process
of osteoporosis. From the various experimental and
clinical studies, two main therapeutic approaches have
emerged. The first consists in applying a mechanical
stimulus to the bone tissue and the second uses
medications, particularly antiresorptive drugs.

Rehabilitation-oriented approach

A neurological lesion, with subsequent immobilization,
leads to a dramatic reduction in muscle contraction and
a redistribution of the gravitational forces applied to the
skeleton, to the detriment of the bone segments that
normally support body weight. To limit the bone loss
resulting from this situation, a logical approach would
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be to develop rehabilitation techniques that mechani-
cally restimulate the bone segments to return, as much
as possible, to the prelesional physiological and bio-
mechanical conditions.

Standing-up and orthotically aided walking
Among the factors inducing bone demineralization
in SCI patients, reduced bone mechanical loading seems
to be particularly determinant, as observed in such
experimental conditions as prolonged bedrest33 or
weightlessness.34 Moreover, Dauty et al19 demonstrated
that the duration of the initial immobilization of SCI
patients is the factor that most significantly affects BMD
at the trochanteric area. Thus, early verticalization of
the body could contribute to limiting initial bone
demineralization.19 The maintenance of normal axial
bone-loading by passive standing (standing frame or tilt
table) or by various aided-walking systems has long
been promoted as a therapy to reduce calcium losses and
consequently to retard or reverse SCI-associated osteo-
porosis.62–64 However, in chronic patients, prolonged
standing sessions1,24 or walking with a mechanical
orthosis25,65,66 have shown no significant effects on
BMD. Kunkel et al24 reported that 6 months of using
a standing frame for 45min twice a day did not lead
to noticeable bone gain at the femoral neck nor to an
increase in bone formation markers. It should never-
theless be noted that this experiment was performed in
six chronically paralyzed men (ie, postlesional duration
410 years). Needham-Shropshire et al66 used the
‘Parasteps1’ ambulation device, which combines a
modified walker with functional electrical stimulation
(FES). They reported no BMD change in the femur after
20 weeks of rigorous rehabilitation performed by 16
individuals with SCI having a mean postinjury duration
of 3.8 years.

This type of intervention seems to have a favorable
effect only during the early postlesional phase. Pro-
longed standing sessions (tilt-table) combined with
exercise have been shown to reduce hypercalciuria.63,64

Goemare et al67 reported that subjects regularly
performing passive weight-bearing standing, from 1
year post-injury, showed less BMD decrease at the
femoral shaft. In addition, De Bruin et al68 reported no
or insignificant loss in tibia trabecular bone in patients
participating in standing-up sessions during the first 25
weeks after injury, whether associated with treadmill
walking or not (1 h per day, 5 days per week). In any
case, these findings were not confirmed in patients
with a postlesional duration of less than 4 weeks who
participated in similar physical training sessions (stand-
ing and walking).20 Moreover, Frey-Rindova et al20

underlined the motivational and health problems that
arise during the execution of such training programs.
Other investigations were unable to show any preventive
effect of active or passive verticalization on bone
demineralization as well.19,28,30 Through these different
experiments, it thus appears that verticalization alone
is not a sufficient therapeutic means to prevent

bone demineralization, although it may limit it. Early
verticalization continues to be recommended to alleviate
the deleterious effects of the initial bedrest period on
the lower limbs.19 The limited effect of such training
programs is probably partly due to the static nature
and the reduced level of the mechanical constraints
effectively applied to bone structures compared with the
constraints developed during normal gait. Indeed, both
clinical and experimental studies have demonstrated
that dynamic loading is more effective than static
loading in terms of bone accretion.69 Consequently,
the association of standing-up with techniques generat-
ing constraint variations, such as the use of vibrating
frames, should accentuate the effectiveness of the
treatment. This can be illustrated by the recent findings
of Rubin et al,70 who demonstrated an increase in the
quality and quantity of trabecular bone in sheep
exposed to low-level, high-frequency mechanical stimuli.
Similarly, a significant increase in hip bone mineral
density and muscle strength was observed in postmeno-
pausal women after 6 months of whole body vibration.71

Overall, these experiments suggest the potential clinical
relevance of vibration-loading to prevent and treat
osteoporosis in SCI patients. However, to this date, the
relevance and efficacy of this technique has not been
evaluated in the SCI population.

Physical exercise
In the able-bodied population, exercise has been shown
to have an osteogenic influence on bone sites submitted
to weight-bearing or impact.72 In highly active SCI
patients, Jones et al31 reported that upper limb bone
mass is preserved while a significant demineralization
can be noted in the lower body. The beneficial effect at
the upper limbs was observed whatever the level of
lesion and even in tetraplegic individuals who have been
reported to be at risk for demineralization at these
sites.11,15,19,20,48,51,52 Jones’s et al’s31 findings confirmed
the assumption that intensive exercise such as skiing,
quad rugby, wheelchair basketball, and weight-training
have a localized and not a systemic beneficial effect
on the skeleton. The idea that mobility may contribute
to preserving bone density was previously reported by
Saltzstein et al.53 These authors measured distal tibia
bone density in 27 SCI subjects grouped according to
the completeness of the lesion, and also according to a
‘mobility index’ that ranked the ability of subjects to
ambulate. They found lower average bone density in
subjects with complete motor lesions than in subjects
with incomplete lesions and able-bodied controls.
Moreover, bone loss was correlated with the subject’s
‘mobility index’. These data suggest that bone loss in
SCI patients can be limited by the practice of weight-
bearing activities introduced in therapeutic routines.53

Functional electrical stimulation
Muscular FES73,74 has generally been used to minimize
the muscle atrophy that occurs after a neurological
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lesion.8 In addition, since FES results in muscle
contraction and thus tension on the skeleton, various
authors have hypothesized that FES-induced mechan-
ical loading might contribute to preserving bone mass in
patients with SCI. Several training modalities have been
investigated with FES alone or in association with
hybrid lower extremity cycle ergometer exercise (ie,
REGYS I). In patients trained 1 h daily by FES of the
quadriceps, a significant increase in BMD was observed
at the distal femur (11.1%) and at the proximal tibia
(9.7%), but interestingly not at the mid-tibia.75 The
distal femur and proximal tibia correspond to the
anatomical insertions of the stimulated muscle where
forces are effectively applied and concentrated.27,75

These findings are in line with those of Bloomfied
et al76 and Mohr et al27 and, although the beneficial
effect seems to be localized at the mechanically strained
bone sites, bone gain in these specific regions is essential,
since most of the lower extremity fractures are
supracondylar.58,60 BMD at the distal tibia nevertheless
remains low in comparison with normal values and it is
thus unlikely that the fracture risk in patients can be
substantially changed.76 Moreover, the bone mass gain
decreased when FES training was reduced.27

The expected favorable effect of FES has nevertheless
not been confirmed by most 3–12-month FES programs,
whether or not they were associated with cycling or
assisted walking.22,26,66,77–80 Rodgers et al78 used elec-
trical stimulation of the quadriceps muscles in a knee
extension exercise and reported that the bone density at
the tibia remained unchanged despite improved muscle
performance. The differences in training program
characteristics (session frequency, training duration,
and intensity) might explain these inconsistent find-
ings.27,76,81 Similarly, Bloomfield et al76 found a BMD
increase of 17.8% over 9 months in the distal femur in a
subset of patients developing a minimum of 18W on a
REGYS I system. Mohr et al27 observed that 12 months
of FES-assisted cycling increased the BMD at the
proximal tibia by 10%, but the bone mass gain was
not conserved after 6 months with reduced-frequency
exercise. These data suggest a bone stimulation thresh-
old related to the physical features of the training
program. Moreover, the postinjury duration also seems
to be a determinant parameter of the bone response,
because no significant bone gain could be seen in
patients starting the training program 13.5 years after
the lesion.75 Another possible explanation for the
discrepant results could be the specific responsiveness
of the skeletal region being analyzed.75 As mentioned
above, the proximal tibia and the distal femur27,75,76

seem to be more responsive to mechanical loading than
the femoral neck.26,75,76 In SCI patients particularly, this
bony site is strongly affected by bone degenera-
tion.1,3,11,17,19 Whatever the training protocol used,
however, no change in BMD at this site has been
reported,26,27,66,76,77 probably because the mechanical
load exerted at the femoral neck during FES-assisted
cycling76 or FES-assisted walking exercise66 does not
reach the required bone mechanical threshold. An

additional explanation could be the lack of muscle
attachments at this site.

Few studies have investigated the response of the
bone markers of bone turnover to FES and the results
remain controversial.27,76 Bloomfield et al76 found a
dramatic increase of 78% in serum osteocalcin (OC)
levels after the first 6 months of training, with values
maintained for up to 9 months, while Mohr et al27

reported no changes in OC after 12 months. No
modification in the markers of bone resorption, that
is, hydroxyproline76 or deoxypyridinoline,27 was ob-
served in either study. It is probable that the bone mass
gain was too small to cause measurable systemic
changes in bone markers.27

These experiments indicate that well-controlled mus-
cle FES can have a positive effect on BMD. However,
this effect remains localized to specific bone sites and
total recovery of bone mass has never been demon-
strated. Nevertheless, most of the results concerned
chronic SCI subjects (postlesional time 41.5 year) in
which bone loss had already reached a significant level.
Minaire82 suggested that the possibility for bone
recovery may disappear 6 months postinjury. Eser
et al81 investigated the effect of 6 months of FES cycling
in recent SCI patients (postlesional duration 4.5 weeks).
The mean BMD decrease in the training group was only
half the monthly decrease in the control group, but the
difference was not statistically significant. Needham-
Shropshire et al66 reported that early intervention
(7 months postinjury) might not be effective in prevent-
ing osteoporosis but suggested that earlier intervention
might limit bone loss.66

Low-intensity pulsed ultrasound
In vitro and in vivo studies have demonstrated that low-
intensity pulsed ultrasound (US) might constitute an
osteogenic stimulus.83,84 Recently, Warden et al85 ap-
plied specific US at the calcaneum for 6 weeks in young
subjects with 1–6-month histories of complete SCI. The
results showed that low-intensity pulsed US was unable
to protect against SCI-induced calcaneal bone deminer-
alization. Further investigations are needed.

Pharmacological treatment

The physiopathological data have shown that bone
demineralization in patients with SCI can be principally
attributed to an alteration of the bone remodeling
process that dramatically favors an increase in bone
resorption. Drug treatment thus mostly consists of
substances that inhibit osteoclast cell activity.

Calcitonin
Calcitonin is a potent inhibitor of bone resorption that
acts directly both on osteoclasts to inhibit mobility,
number, and secretion activity86 and on osteoclast
precursors to prevent their fusion.87 In the last three
decades, calcitonin has been used in postmenopausal
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women to prevent bone loss88 and reduce pathological
fractures.89 Transcutaneous injection or intranasal
intake of salmon calcitonin has been reported to limit
immobilization hypercalcemia and hypercalciuria,40,90,91

to reduce osteoclast activity,90 and to preserve trabe-
cular bone volume.90 But a high incidence of nausea and
the frequency of injections seem to limit patient
compliance.40 Calcitonin may temporarily reduce im-
mobilization hypercalcemia and this short-lasting effect
may be due to the well-known ‘escape’ phenomenon.92

Contrasting with these results, Maynard40 reported no
resistance to salmon calcitonin over 2–4 months of
treatment. The combination of etidronate (bisphospho-
nates) (1600mg/day) and salmon calcitonin (200 IU/
day) rapidly reduced the hypercalcemia and hyper-
calciuria with a minimum of side effects.93 However, the
optimal dosage and long-term effectiveness of calcitonin
treatment remain unclear.

Bisphosphonates
Bisphosphonates are extremely potent inhibitors of
bone resorption and soft tissue calcification. Different
mechanisms of action are involved, including physico-
chemical, cellular, and/or biochemical processes. As
bone loss in SCI patients is principally due to an
increase in bone resorption,2,3 bisphosphonates, which
are selective inhibitors of osteoclastic activity, should be
a promising therapeutic approach. Bisphosphonates
have been used for more than two decades in the
treatment of SCI-induced osteoporosis and most of the
results tend to show a reduction in hypercalcemia and
bone loss. In recent SCI patients treated with clodronate
(400 or 1600mg/day), Minaire et al39 found marked
reduction of hydroxyproline, and serum and urine
calcium levels. In clodronate-treated patients, no further
decrease in BMC at the lower end of the tibia was
demonstrated, whereas BMC decreased in controls.
Nevertheless, as suggested by the increase in the number
of osteoclasts as evaluated by histomorphometry, it is
probable that the major changes in trabecular bone
mass had already occurred before treatment (mean 17.6
days; range 5–29). Pearson et al28 reported the favorable
effect of etidronate, a first-generation bisphosphonate,
used in cyclic treatment (800mg daily) of patients 6
weeks postinjury. However, lower limb bone density was
preserved over time only in selected etidronate-treated
walking patients, whereas it decreased in the etidronate-
treated wheelchair patients. The protective effect of
walking itself was nevertheless not observed in the
control patients, however, and the authors speculated
that the combination of osteoclast depression due to
cyclical etidronate application and osteoblastic activa-
tion due to weight-bearing activity may have maintained
the BMD level. Interestingly, although the treatment
was administered over the first 30 weeks, the protective
effect of etidronate was maintained 1 year after SCI.

Newer bisphosphonates such as tiludronate, pami-
dronate, and alendronate are respectively 10, 100, and
1000 times more potent than etidronate. High doses of

tiludronate (400mg/day) produced a slight increase in
the bone volume/total volume ratio in the transiliac
bone.94 A single 30 or 40mg infusion of pamidronate
reduced hypercalcemia in patients unsuccessfully treated
with calcitonin.92 The level of serum calcium decreased
rapidly within 6–8 days91,92 and then was maintained
for several weeks.92 Intravenous pamidronate treatment
(30mg, every 4 weeks)18 reduced the bone mass loss as
well as the excretion of the urinary bone-breakdown
product, N-telopeptide (marker of bone resorption), in
patients with a recent lesion. As previously reported,28

ambulatory treated subjects showed less bone alteration
than nonambulatory treated subjects. Moreover, Sniger
and Garshick95 reported a favorable effect on BMD
at the lumbar spine and in the lower extremities
of a chronic patient with Brown-Sequard’s injury
treated for 24 months with alendronate (10mg/day)
plus vitamin D and calcium carbonate and performing
weight-bearing activities. In that case, BMD was
improved preferentially in the more osteoporotic leg.
All these results suggest that the effect of drug treatment
would depend on the ambulatory ability of the
patient.18,28,95

Although the efficacy of these agents seems to be
real, it has been difficult until now to draw definitive
conclusions about their effects on bone mass, given the
generally small size of the subject samples and the short
durations of treatment. In a very recent investigation
with a large group of men with complete paralysis
(n¼ 29), Zehnder et al 96 highlighted the favorable effect
of long-term bisphosphonate treatment. In this study,
a sub group was treated daily with alendronate 10mg
associated with elemental calcium 500mg. The BMD
measured at cortical or trabecular infralesional bone
sites was preserved 24 months later, while in the
subgroup treated with calcium only, BMD was sig-
nificantly reduced. However, although bone loss was
stopped and the parameters of bone turnover were
reduced after alendronate treatment, BMD at the
infralesional sites was significantly lower than normal
values. The choice of 10-year postinjury patients, in
whom bone loss was already present, might explain the
low level of BMD.

The newest generation of bisphosphonates, such as
ibandronate and zoledronate, is 10 000 times more
potent than etidronate; these drugs are currently
available and should be evaluated for application in
SCI patients. Besides their beneficial effects on bone
mass, bisphosphonates are generally well-tolerated with-
out or with only mild adverse or side effects.18,28,91,96

They thus seem to be particularly well tailored for
clinical applications in SCI patients.

Conclusion and future prospects

This work described the different clinical approaches
to limiting the alteration of bone metabolism that
follows a lesion of the spinal cord. We proposed two
major classifications of treatment. The first includes
all treatments based on the application of physical
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constraints on the bone material, ranging from active or
passive verticalization and aided-walking systems to
muscle FES, in order to offset the deleterious effects
of immobilization. This approach, however, has led
to rather disappointing results, possibly because of
delayed treatment in chronic patients or the application
of mechanical stresses insufficient to induce an osteo-
genic effect. The challenge is to apply sufficient levels
of mechanical stimulus without increasing the risk of
fracture in patients with reduced bone mass.

The second approach is pharmacological treatments.
The bisphosphonates appear to be appropriate to reduce
the intense bone resorption activity, especially during
the acute phase of SCI when active rehabilitation
programs cannot be carried out. The effectiveness of
bisphosphonates to reduce bone loss has been demon-
strated in both the early and chronic phases of the
disease. The treatment in any case cannot stop the
demineralization process. Pharmacological treatment of
patients with SCI has generally been derived from those
developed for postmenopausal women with osteoporo-
sis. In fact, the physiopathological mechanisms that
induce the osteopenia related to SCI are quite different.
A specific posology or new drugs either associated or
not with rehabilitation programs must be developed in
the clinical field of SCI.

To develop well-adapted treatments, a more precise
understanding of bone loss etiology is needed. The
current rehabilitation programs are based on the idea
that the bone physiological changes observed in patients
with SCI are due to immobility. Yet a review of the
literature indicates that alterations inherent to neurolo-
gical damage may play an even greater role in inducing
osteoporosis. Consequently, the term ‘neurogenic osteo-
porosis’ proposed by Bedell et al26 would better define
the process of bone loss after SCI than ‘immobilization
osteoporosis’ or ‘disuse osteoporosis’. Moreover, the
recent findings on the central control of bone mass
contribute to clarifying the effect of a neurological lesion
on bone alteration.
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