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Abstract
Background/Objective: To compare the t-scores of proximal femur and lumbar spine of patients with
spinal cord injury (SCI) with different levels of weight bearing.

Methods: Cross-sectional study comparing 3 groups of patients with SCI: patients with daily standing times
of more than 1 hour, patients with daily standing times of less than 1 hour, and nonstanding patients.
Seventy-one patients with chronic SCI were recruited. They were assigned to 1 of 3 groups according to
their reported daily standing time. The bone density of lumbar and proximal femoral regions was measured
with dual-energy x-ray absorptiometry.

Results: The 3 groups were similar in terms of demographics and clinical variables. No significant difference
was found among the mean t-scores of lumbar and proximal femoral regions of the groups. However, the
patients in the group that stood more than 1 hour daily had a slight tendency to have higher t-scores than
those in the control group.

Conclusions: There was no significant difference among the 3 groups. However, standing might be
partially helpful in protecting the bone density in SCI by opposing the effects of immobilization.

J Spinal Cord Med. 2008;31:197–201

Key Words: Spinal cord injuries; Standing; Bone mineral density; Osteoporosis; Dual energy x-ray
absorptiometry; Immobilization

INTRODUCTION

Bone mineral loss is a well-known complication of spinal

cord injury (SCI). Although it has been more than 60

years since bone mineral loss was first reported in the

literature (1), its mechanism is still unknown, and

preventive methods are still controversial. It is generally

accepted that osteoporosis after SCI is the result of

immobilization and can be categorized with the other

types of loss of weight-bearing like prolonged bed rest

and space flight (2,3). SCI may not only cause bone loss,

but may also alter bone structure and microstructure. A

new steady-state level between bone resorption and

formation is believed to be reestablished approximately 1

to 2 years after SCI (4–7); however, de Bruin et al (8)

claim that no steady state exists in bone metabolism of

patients with SCI.

Some authors argue that neurologic damage and
hormonal alterations due to the SCI per se may be the
causal factors in the loss of bone density rather than
immobilization alone (1,6,7,9). The reason for their
argument was the different nature of calcium excretion
and response to physical activity in those patients. Due to
its unique nature this loss of bone density was called
‘‘neurogenic osteoporosis’’ by BeDell et al (10).

The basic activities that provide weight bearing are
standing and walking. There are not enough data in the
literature about the effect of either activity and the effect
of daily ambulation time on bone density in individuals
with SCI. The purpose of our study was to compare the
bone density loss in patients with chronic SCI who
perform therapeutic standing with that of their non-
standing counterparts and to investigate the association
between bone density and the average daily standing
time.

METHODS
Patients aged 18 to 46 years who were at least 1 year
post-SCI were included in the study. The patients who
applied to our rehabilitation center (meeting the above
criteria) were consecutively asked to participate. The
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study protocol was explained to the patients, and their
informed consent was obtained. Patients having certain
pathologies (eg, hyperthyroidism, hyperparathyroidism,
Paget’s disease, lower-extremity fractures) or taking
medications (eg, bisphosphonates, corticosteroids, phe-
nytoin) liable to modify bone metabolism were excluded.
A total of 92 patients were enrolled for the study. To
prevent confusion that might have originated from the
effect of muscle strength, 21 motor-incomplete (Amer-
ican Spinal Injury Association grades C, D, and E) cases
were excluded as well.

Participants were asked to estimate their average
daily standing time since their injury. They were asked
not to consider the first 6 weeks after the injury. Standing
was defined as therapeutic standing with a standing
frame, standing wheelchair, or crutches and braces. Not
standing was defined as staying in a bed, chair, or
wheelchair all day. Standing patients formed 2 different
groups according to their average daily standing time:
Group A was composed of patients standing at least 1
hour or more daily, and the patients reporting a daily
standing time of less than 1 hour formed group B.
Nonstanding patients were assigned to the control group
(group C). There were 20 patients in group A, 11 in
group B, and 40 in group C.

Bone mineral density (BMD) was measured by a
Lunar DPX-MD dual-energy x-ray absorptiometer (Lunar
Radiation Corporation, Madison, WI). Sites measured
were trochanters, Ward’s triangles, the femoral necks of
both hips, and the L2 to L4 spine. The hip with lower
total bone density was taken into consideration. The in
vivo coefficients of variation in our laboratory are: lumbar
spine BMD, 1.27%; femoral neck BMD, 1.64%; Ward’s
triangle BMD, 1.38%; and trochanter BMD, 1.76%. The
technician who performed the BMD measurements was
blinded to patients’ assignments to the groups. The t-
scores of measured sites were calculated by using the
reference values provided by the densitometry manufac-
turer. The t-score is preferred as the primary outcome to
actual BMD values because of the definition of osteopo-
rosis by the World Health Organization (11). The
differences among the 3 groups for the t-scores of
measured sites were analyzed by using analysis of
variance (SPSS for Windows, v11.5 SPSS Inc., Chicago,
IL). The differences for demographic and clinical variables
were tested with chi-square and analysis of variance.

RESULTS
The L2 to L4 tests of 5 patients (3 from group A, 2 from
group C) were not taken into consideration for analysis
because of the effect of osteosynthesis. Similarly, the
femoral region values of 4 patients (all from group C)
were not used for analysis because of bilateral heterotopic
ossification. The groups were not significantly different in
terms of clinical and demographic variables (eg, gender,
cause, diagnosis, American Spinal Injury Association
grade, spasticity, smoking status, age, body mass index,

and time since injury) (Tables 1 and 2). The excluded
values did not produce significant differences, either.
Mean t-score of the L2 to L4 region of the control group
was slightly increased (0.1 6 1.7), whereas groups A and
B showed a slight decrease (�0.3 6 0.9 and�0.2 6 1.6,
respectively). The differences among the 3 groups were
not statistically significant (P¼ 0.56). The region t-scores
were markedly decreased for all the groups (�2.3 to�1.3
for group A,�2.3 to�1.5 for group B, and�2.5 to�1.5
for group C). Similarly, the differences were not
statistically significant (P-value for femoral neck, 0.60;
for Ward’s triangle, 0.90; for trochanter, 0.87; and for
total femur, 0.79) (Table 3). Because an analysis of
variance revealed no significant results, further analysis
with post hoc tests was not considered necessary.

DISCUSSION
Osteoporosis after SCI is associated with increased risk of
fracture as expected. The risk is reported to be 1 to 20%
in different articles (10,12,13). Various methods of
treatment including standing, physical activity, functional
electric stimulation, and medications are being used to
prevent or reverse the bone mineral loss. Nevertheless, it
is not clear whether these methods are helpful in patients
with neurogenic osteoporosis. Studies with functional
electric stimulation reported conflicting results. Mohr et
al (14), Hangartner et al (15), and Bloomfield et al (16)
reported significant increases in BMD with functional
electric stimulation, whereas other studies found no
significant BMD changes (4,17–19). Shields et al (4)
demonstrated that compressive loads of 1 to 2 times
body weight induced by muscle contractions partially

Table 1. Comparison of the Groups for Dichotomous
Demographic and Clinical Variables

Variables
Group

A
Group

B
Group

C P-value

Gender
Male 15 9 36 0.30
Female 5 2 4

Cause
Traumatic 18 9 37 0.57
Nontraumatic 2 2 3

Diagnosis
Paraplegia 18 9 29 0.28
Tetraplegia 2 2 11

ASIA grade
A 18 9 37 0.57
B 2 2 3

Spasticity (Ashworth)
Grade 0,1 15 4 22 0.10
Grade 2,3,4 5 7 18

Smoking
Nonsmoker 11 5 14 0.33
Smoker 9 6 26

ASIA, American Spinal Injury Association.
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prevented the loss of BMD after SCI. A few studies
investigated the effect of exercise or standing on bone
density. Jones et al (2) reported an increase in bone
density of upper limbs and a decrease in other regions in
physically active patients with SCI compared with active,
able-bodied persons. Kunkel et al (20) found no
significant BMD increase in their patients who stood for
two 45-minute sessions daily with a standing frame. They
followed their single group of 6 patients for 6 months.
Goemaere et al (21) reported an increase in bone density
of the femoral shaft but not of the hip region in their
patients with SCI who were standing for therapeutic
purposes. A recent study demonstrated that body
weight–supported treadmill training did not prevent
bone loss in patients with SCI (22).

Therapeutic standing is traditionally advised to
patients with chronic SCI and is usually incorporated in
their rehabilitation programs in order to prevent osteo-
porosis, besides other purposes. To date, it has not been
proven to be effective. Although previous studies
reported that standing was not effective in preventing
osteoporosis in SCI patients, it was not clear whether
different standing times were associated with differences
in bone density loss. To our knowledge, this is the first
study comparing SCI patients who do not perform
therapeutic standing with patients having different
standing times.

As was shown in most studies, there was a marked
bone density loss in the proximal femoral region in all
groups. No significant difference was found among the
t-scores of the 3 groups. This is consistent with the
findings of Kunkel et al (20), Goemaere et al (21), and
Giangregorio et al (22). In their prospective study, Kunkel
et al (20) measured the bone density of their standing

patients at 3-month intervals. They did not detect any
improvement in bone density over time. In their study
with single-photon absorptiometry, Goemaere et al (21)
reported no difference between the proximal femoral
density of standing and nonstanding patients. However,
they reported relatively better-preserved densities in
patients standing with braces than in those using a
standing frame or standing wheelchair. They concluded
that this result could be due to mechanical loading. In
their recent study, Giangregorio et al (22) indicated that
the level of mechanical strain on the bone imposed by
the body weight–supported treadmill training was not
sufficient to prevent bone loss. In our study, the mean t-
score of group A was slightly higher than those of the
other two groups, and the mean t-score of group B was
higher than that of group C for femoral neck and total
femoral measurements. In general, the mean t-scores of
the patients standing more than 1 hour daily were higher
for all the measured sites in the proximal femur than
those of the patients who were not standing. This finding
may indicate that standing has a small effect on bone
density in patients with chronic SCI. Standing opposes
the loss of bone mineral content caused by immobiliza-
tion. However, immobilization is only partially responsi-
ble for osteoporosis in SCI. Other factors like neurologic
and hormonal changes have been proposed, but no
scientific evidence has been presented in the literature.
Prospectively designed, controlled studies are needed to
further examine the extent of the effect of weight bearing
on bone density in patients with SCI.

Mean t-scores of all the groups were normal (around
0) for lumbar region measurements. This is consistent
with most of the published articles (2,3,5,20,23,24).
Preserved lumbar bone density is usually attributed to

Table 2. Comparison of the Groups for Interval Demographic and Clinical Variables

Variables

Mean 6 SD

Group A Group B Group C P-value

Age (years) 29.80 6 7.68 32.09 6 10.53 31.02 6 6.01 0.68
BMI 22.69 6 5.43 22.22 6 4.84 22.44 6 4.02 0.96
TSI (days) 1,624 6 861 1,502 6 1,659 1,706 6 750 0.81

BMI, body mass index; TSI, time since injury.

Table 3. Comparison of t-Scores of Three Groups

Site Measured

Mean 6 SD

P-valueGroup A Group B Group C

L2–L4 �0.3 6 0.9 �0.2 6 1.6 0.1 6 1.7 0.56
Femoral neck �1.6 6 1.5 �2.0 6 1.8 �2.0 6 1.7 0.60
Ward’s triangle �1.3 6 1.6 �1.5 6 2.0 �1.5 6 1.9 0.90
Trochanter �2.3 6 1.2 �2.2 6 1.4 �2.5 6 1.5 0.87
Total femur �2.1 6 1.3 �2.3 6 1.6 �2.4 6 1.4 0.79
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weight bearing during sitting or wheelchair activities. On
the other hand, Liu et al (25) measured the lumbar bone
density of their patients with both dual-energy x-ray
absorptiometry and single-energy quantitative computed
tomography and found a mean lumbar z-score of �2.4
with quantitative computed tomography, whereas the
mean z-score of the same patients with dual-energy x-ray
absorptiometry was 1.3. They argued that preserved
lumbar bone density is the result of falsely elevated dual-
energy x-ray absorptiometry measurements due to
osteosynthesis, heterotopic bone formation, and neuro-
pathic and osteoarthritic changes occurring after SCI.
This theory may also explain why standing does not
produce a considerable effect on proximal femoral
density, whereas sitting seems to protect or even increase
lumbar bone density.

The limitations of our study were its retrospective
design and adherence to self-reported standing times.
Self-reporting can be unreliable in some ways (it may not
reflect true standing times); however, it can also be an
advantage (the patients can give us information about
their whole lives, not only about the time they spend for a
certain intervention). Studies with prospective design and
a predetermined standing schedule also including daily
standing times with longer duration should provide more
reliable information about the benefits of standing.

CONCLUSION
In conclusion, different daily standing times of less than 1
hour or more than 1 hour for a mean period of 4.2 years
did not produce a significant effect on bone density in
patients with chronic SCI. However, a slight increase in
proximal femur bone density was found in favor of
longer-standing group. Lumbar bone density was found
to be preserved regardless of standing. Whether this is
the effect of prolonged sitting in the wheelchair or it is
falsely measured by dual-energy x-ray absorptiometry
should be elucidated with further research. Osteoporosis
after SCI may be the result of combined effects of
immobilization and other factors that are not clear today.
Therapeutic standing aims to reduce immobilization, but
apparently has no effect on other factors. Therefore, it has
a limited effect on proximal femoral bone density.
Whether this effect is clinically important should be
investigated by future studies.
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