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Summary
Background and aim: Spinal cord injury (SCI) has been associated with a marked increase in bone loss
and a higher incidence of skeletal fractures, however the pathogenesis and clinical management of this
condition remains unclear. The aim of this study was to analyze the bone mineral density (BMD) evolution in patients with complete SCI and its relationship with parameters of bone metabolism and bone turnover markers.
Methods: Patients with a recent complete motor SCI (ASIA A)(<6 months) were prospectively included. Bone
metabolism parameters (calcium, phosphate, PTH and 25-OHD), bone turnover markers (bone formation: procollagen type 1 aminoterminal propeptide -P1NP-, bone alkaline phosphatase -bone AP-, osteocalcin -OC-;
bone resorption: C-telopeptides of type I collagen -CTx-) and BMD were assessed in all patients at baseline
and at 6 months. The results were compared with a control group.
Results: 23 men with complete SCI (ASIA A) and a mean age of 38±15 years were included at 102±33 days
of SCI onset. 52% had paraplegia. 12 patients were assessed at 6 months of follow-up. Patients with SCI
showed a significant increase in bone turnover markers, especially P1NP and CTx, compared to controls
(P1NP: 191±90 vs 51±19 ng/ml, p<0.001; CTx: 1.37±0.49 vs 0.51±0.23 ng/ml, p<0.001). At 6 months, bone
turnover markers decreased (P1NP: -34%, p=0.005 and CTx: -26%, p=0.002) and BMD had a mean decrease of 12% at total femur (p=0.002) compared to baseline, with osteoporosis development in 50% of patients.
Bone markers (bone AP, P1NP and OC) were negatively correlated with total femur BMD values.
Conclusions: Patients with complete SCI show a marked increase in bone turnover and bone loss, especially at the proximal femur, with the development of osteoporosis being observed in 50% of these
patients at 6 months of follow-up. These findings indicate the need to implement preventive measures
within the therapeutic approach in these patients.
Key words: osteoporosis, spinal cord injury, bone metabolism, bone turnover markers.
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Introduction
An absence of mechanical load on the skeleton is
associated with a marked loss of bone mass which
may result in the development of osteoporosis and
fractures. Spinal cord injury (SCI), especially when
they are complete, are a common cause and an
archetypal example of an absence of load on the
skeleton. So, a marked loss of bone mineral density
(BMD) after an SCI has been reported, of the order
of 35% after two years from its occurrence, and the
development of osteoporosis and fractures in more
than 50% of patients1-5. Although the physiopathology of this process is not well understood, after an
SCI there has also been observed a marked increase in bone turnover, especially during the first year
after the SCI6-10. While the absence of load is the
main factor related to this finding, the regulatory
mechanism for this process is not clear. This fact,
together with the absence of guidelines aimed at the
prevention and treatment of osteoporosis after an
SCI, could be the cause of defective treatment for
these patients. Indeed, a study recently carried out
in our unit found evidence that after a complete SCI
fewer than 10% of patients had obtained anti-osteoporotic treatment, even after having had fragility
fractures2, a fact which has also been observed in
other studies11. It is important to remember that the
individuals who have a complete SCI are usually
young people, which means that the risk of developing fractures over their life time is very high,
clearly increasing at 3-5 years after the SCI2, which
indicates the necessity of adopting preventative
measures in these patients.
The objective of this study is to analyse the
development of BMD and bone turnover in patients
with recent SCI, and the factors relating to the loss
of bone mass in this process. This preliminary
analysis shows the development of the BMD and
the markers for bone turnover in the short-term, in
the first 6 months of monitoring.

Patients and methods
Population of the study
Prospective study in which were included patients
with recently occurring (<6 months) SCI of traumatic
origin and severe in character (complete motor SCI
[ASIA scale: A or B]). The patients were recruited
consecutively (from August 2010 to January 2012) at
the Guttman Institute for Neurorehabilitation and
then referred to the bone metabolism pathology unit
of the rheumatology service of the Clinical Hospital
of Barcelona.
Those included were patients over 18 years of
age, while those having diseases or processes
which affected bone metabolism (Paget’s disease of
bone, rheumatoid arthritis, hyperparathyroidism,
hypercortisolism, malabsorption syndrome, malignant tumours, transplants, recent pregnancy or breastfeeding) and/or who were following treatment
with drugs which would interfere with bone metabolism (bisphosphonates, strontium ranelate, selective estrogen receptor modulators, calcitonin, hormone therapy, denosumab and teriparatide,
amongst others) were excluded.

In all the patients the risk factors for osteoporosis were evaluated, including: family history of
femoral fractures, personal history of fractures,
tobacco and alcohol consumption, dietary intake
of calcium (mg/day) and history of renal lithiasis.
In addition the cause, level (tetraplegia/paraplegia), severity and type (spastic/flaccid) of SCI and
associated complications were analysed.
The severity of the SCI was evaluated using
the ASIA (American Spinal Injury Association)
scale which, classifies MLs into 5 categories according to motor function and residual sensitivity: A:
complete motor and sensory loss; B: complete
motor and partial sensory loss; C and D: partial
motor and sensory loss; E: without motor or sensory lesion12.
The results were compared with a healthy control group of the similar age and sex.
The study was carried out with the approval of
ethics committee of the hospital and adjusted in
accordance with directives pertaining to research
in humans. All the patients signed their informed
consent for inclusion.
Analytical tests
Blood was taken from all patients at between 8
and 10 in the morning after overnight fasting. A
biochemistry profile was performed which included calcium, phosphate and creatinine, determined by standard techniques, and levels of 25hydroxyvitamin D (25-OHD) and parathyroid hormone (PTH) were assessed using automated chemoluminescence (Liaison, Diasorin and Advia
Centaur XP, Siemens, respectively). In addition,
the following biochemical markers for bone formation were determined: bone alkaline phosphatase (Bone AP, IDS, Vitro); osteocalcin (OC,
radioimmunoassay, Elsa-Osteo-Cis, Gif-sur-Yvette,
France) and amino-terminal propeptide of collagen type 1 P1NP, Cobas e411 automated method,
Roche), and for bone resorption: carboxyl-terminal telopeptide of collagen type 1 (CTx, Cobas
e411 automated method, Roche).
Bone mineral density
The BMD in the lumbar spine, proximal femur
(femoral neck and total femur) and in the lower
limbs (EI) were determined in all patients by
means of double X-ray absorptiometry (DXA;
Lunar Prodigy, Radiation Corporation Madison,
WI, US). The densitometric risk categories (normal
BMD, osteopenia and osteoporosis were defined
according to the criteria of the WHO13.
Statistical analysis
The results are expressed as the mean ± standard
deviation of the mean (SD). The differences between the means of the continuous variables were
analysed using the Mann-Whitney nonparametric
U test, and the differences between proportions,
by the Fisher test. For the comparison of paired
variables the Wilcoxon test was used. To evaluate
the association between variables the Pearson
correlation coefficient was used. A value p<0.05
was considered statistically significant. The statistical analysis of the data was carried out using the
SPSS program (version 18.0, Chicago, US).

ORIGINALS / Rev Osteoporos Metab Miner 2014 6;4:97-102

Results

Discussion

The clinical characteristics of the patients included
in the study are shown in Table 1.
The study included 23 males with an average
age of 38±15 years (range: 18-64) at an average of
102±33 days from suffering the SCI. All the
patients had a severe SCI (ASIA A); 48% had tetraplegia and 52% paraplegia. The majority of
patients (83%) had an SCI of the spastic type. All
the patients had a severe residual functional affectation: 3 patients (13%) remained totally immobilized in bed, the rest (87%) required a wheelchair
for mobility. The main cause of the SCI was a traffic accident (57%). The rest of the patients had an
SCI due to falling (17%), diving into shallow water
(13%), a sporting accident (9%) or domestic accident (4%). 12 of the 23 patients (7 with tetraplegia
and 5 with paraplegia) were newly assessed after
6 months of follow up.
After the SCI a marked increase in markers for
bone turnover (OC, P1NP and CTx) were observed compared with the control group (Table 2).
No significant differences were observed in the
value of bone markers as a function of the degree
of lesion (patients with tetraplegia vs those with
paraplegia). Also, those patients with SCI had a
significant increase in levels of phosphate in the
blood, and a reduction in values of PTH compared with the control group (Table 2). 39% of the
patients had vitamin D deficit (<20 ng/ml), however, no differences were observed in levels of 25OHD or in values of calcium in the blood compared with the control group.
At 6 months of follow up a significant reduction in markers for bone turnover (P1NP: -34%,
p=0.005 and CTx: -26%, p=0.002) were observed,
although they remained higher with respect to the
control group, and there was a normalisation of
the parameters for phosphorous-calcium metabolism (baseline phosphate: 4.4±0.4 mg/dl vs 3.9±0.4
mg/dl in follow up, p=0.011; baseline PTH: 32±20
pg/ml vs 40.8±22.9 pg/ml in follow up, p=0.09).
The BMD in the proximal femur and in the EI
reduced significantly at 6 months follow up (total
femur: -12.3+4.9%, p=0.002; femoral neck: -12.8+6.7%,
p=0.002; EI: -7.7+3.7%, p=0.003) compared with baseline values (Figure 1). No significant changes were
observed in the development of the lumbar BMD
(1.214±0.2 g/cm2 baseline vs 1.224±.2 g/cm2 at 6
months, p=n.s). 50% of the patients had criteria for
densitometric osteoporosis after 6 months follow
up. No significant differences were observed in
the development of BMD as a function of the level
of SCI (tetraplegia vs paraplegia) or the type of
lesion (spastic vs flaccid). None of the patients
had skeletal fractures during the first 6 months of
monitoring.
A negative correlation was observed between
the values of BMD in the total femur and markers
for bone turnover (Bone AP: r=-0.63, p=0.001;
P1NP: r=-0.459, p=0.028; OC: r=-0.454, p=0.051).
The values of CTx were not related to the values
of BMD. The change in BMD at 6 months was not
related to the change in markers for bone turnover.

The results of this study show that after a complete motor SCI a marked increase in bone turnover
and in loss of bone mass occurs, especially in the
proximal femur, which leads to the development
of osteoporosis in half of the patients, a complication which is already observed after 6 months of
follow up, and which indicates the need to adopt
preventative measures in the therapeutic approach
with these patients.
Hence, over a period of only 6 months the
patients included in this study had a loss of BMD
in the proximal femur of 12% after an SCI and 50%
developed densitometric osteoporosis. The BMD
in the lumbar spine, however, remained stable
during the follow up. These results coincide with
those of earlier studies which indicate that the loss
of bone mass after an SCI occurs early, already
being evident at 6 weeks from the lesion1,14 and of
greatest magnitude during the first two years after
the SCI, with loss of BMD which varies between 8
and 35%, depending on it location and the time
over which it had developed1,4,6,15,16, which leads to
the development of osteoporosis and fractures in
more than 50% of patients4. One of the main characteristics of the loss of bone mass associated
with an SCI is its location, since, as seen in our
study, it occurs below the level of the lesion,
affecting, above all, the lower limbs1,17,18. This fact
appears to be associated with the absence of
mechanical load in the said location and which
explains, furthermore, the high incidence of fractures in lower limbs which is observed in these
patients, especially in the femur and tibia2,19,20.
Also, even though it has been suggested that there
is a greater loss of trabecular bone following an
SCI15, other studies show that the bone loss occurring in this process takes place in various sections. Hence, a study which analysed the development of bone mass using peripheral quantitative
computerised tomography (pQCT) in the proximal
femur of patients with a recent SCI, describes cortical bone loss and an alteration in bone microarchitecture and strength after SCI, which would be
measured by an increase in trabecular and endosteal bone resorption14. The results of our study
also suggest an early affectation in both bone sections; thus, the magnitude of the bone loss in the
different sections of the proximal femur, femoral
neck and total femur, was similar after 6 months
of follow up, of the order of 12% in both type of
location. However, no significant changes were
seen in the lumbar BMD after 6 months of follow
up, a finding which has also been reported in
other studies1,4, and which confirms the determining effect which the absence of mechanical load
has in the lower limbs on bone loss associated
with this process.
The majority of studies, both in experimental
and human studies, report a marked increase in
bone turnover after an SCI1,6.8-10, especially during the
first year of the lesion, a finding which we also
observed in our patients. In fact, the patients included in this study had an increase in markers for
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turnover which is observed after a
recent SCI is a finding reported in most
of the studies, the magnitude of this
Patients with SCI
(n=23)
increase, and above all, its long-term
development are aspects which are less
Age (years)
38±15
well-documented. Hence, although the
increase in turnover is particularly eviMales (n)
23
dent during the first few months after
Risk factors for osteoporosis:
the SCI, some authors indicate the persistence of this increase some years after
2
BMI (kg/m )
24±5
the SCI. Thus, Zehnder et al.6 observed
that around 30% of patients had an
History of renal lithiasis (%)
13
increase in bone resorption, evaluated
Active smoker (%)
30
by determining levels of free deoxypyridinoline ten years on from the SCI.
Daily alcohol consumption (%)
13
This is a fact which coincides with the
persistence in BMD loss, although at a
Family history:
lower level, which patients have after
Femoral fracture (%)
13
several years with an SCI6,24, and which
confirms the necessity of adopting preSCI characteristics:
ventative measures for the monitoring
and treatment of this process.
Development period of SCI (days)
102±33
The physiopathology of the alterations in bone turnover and loss of
Paraplegia/tetraplegia (%)
52/48
bone mass associated with an SCI is
Spasticity (%)
83
unclear, nevertheless, the absence of
mechanical charge appears to be the
Causes of SCI:
determining factor for the loss of bone
mass associated with this process1.
-Traffic accident
57
Other factors such as the denervation
-Fall from a height
17
which occurs after an SCI could also
contribute as an additional factor in
-Diving into shallow water
13
this loss. In this vein, experimental studies indicate a higher loss of bone in
-Sporting accident
9
mice with an SCI than in mice subject
-Direct axial trauma
4
to load on their extremities16,25.
One of the main limitations of this
SCI: spinal cord injury; BMI: body mass index.
study is the loss of subjects during the
follow up. However, this is an initial
analysis which includes a highly homobone turnover, especially P1NP and CTx in the
geneous sample of patients, all having had a comblood, after an SCI of the order of 2 to 3 times higplete motor SCI in the past 6 months, which thereher than the control group, which, in addition –as
fore allows the application of the results to other
has been observed in the study of Sabour et al.21–
patients with similar characteristics. Furthermore, it
are negatively correlated with values of BMD in the
is remarkable in featuring a prospective cohort
proximal femur. This increase in the markers for
which includes one of the highest numbers of
bone turnover diminishes progressively, such that at
patients with SCI.
6 months, although they remain slightly higher, their
In summary, the results of this preliminary
values have reduced significantly. Furthermore, in
study show that after a complete motor SCI there
those patients it was also observed that there was a
is a marked increase in bone turnover and loss of
reduction in the values of PTH and a secondary
bone mass below the level of the lesion, which
increase in phosphate, two findings previously desleads to the development of osteoporosis in half
cribed in patients with recent SCI and which had
the patients during the first year of follow up.
been attributed to the marked increase in in bone
These results confirm the necessity of establishing
turnover which occurred after the lesion6,8,9,22. Both
preventative measures against the development of
parameters, PTH and phosphate, were normalised
osteoporosis as part of the therapeutic approach
after 6 months follow up. Even though a high pretaken with these patients.
valence of hypovitaminosis D has been seen in
patients affected by SCI23, this has been observed
Conflict of interest: There are no conflicts of
mostly in patients with a longstanding SCI. Our
interest on the part of the authors.
patients had recent MLs, less than 6 months earlier,
a fact which may explain the absence of difference
This work is funded by grants from the Clinic
in values of vitamin D compared to the control
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group. Furthermore, although the increase in bone
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Figure 1. Variation in BMD in the lumbar spine (white bar), total
femur (light grey bar), femoral neck (dark grey bar) and lower
limbs (black bar) 6 months after SCI
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Table 2. Comparison of the parameters for phosphocalcium metabolism and markers for bone turnover between patients with SCI
and the control group
SCI
n=23

Controls
n=36

p

38±15

38±15

0.953

Males (%)

100

100

BMI (kg/m2)

24±5

24±3

0.843

Calcium (mg/dl)

9.5±0.5

9.5±0.4

0.612

Phosphate (mg/dl)

4.3±0.4

3.5±0.5

<0.001

PTH (pg/ml)

27±16

53±18

<0.001

25-OHD (ng/ml)

24±13

21±8

0.289

Bone AP (ng/ml)

13.3±3.8

12.7±4.6

0.632

OC (ng/ml)

25.8±10.1

20.5±7.7

0.05

P1NP (ng/ml)

191±90

51±19

<0.001

CTx (ng/ml)

1.37±0.48

0.51±0.23

<0.001

Age (years)

Metabolism parameters
phosphocalcic:

Bone turnover markers:

SCI: spinal cord injury; BMI: body mass index; PTH: parathyroid
hormone; 25-OHD: 25-hydroxyvitamin D; Bone AP: Bone alkaline phosphatase; OC: osteocalcin; P1NP: procollagen type 1 aminoterminal propeptide; CTx: carboxy-terminal telopeptide of
type 1 collagen.
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