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Abstract

Summary: Individuals with spinal cord injury (SCI) often experience bone loss and muscle atrophy. Muscle
atrophy can result in reduced metabolic rate and increase the risk of metabolic disorders. Sublesional
osteoporosis predisposes individuals with SCI to an increased risk of low-trauma fracture. Fractures in people
with SCI have been reported during transfers from bed to chair, and while being turned in bed. The bone loss
and muscle atrophy that occur after SCl are substantial and may be influenced by factors such as completeness
of injury or time postinjury. A number of interventions, including standing, electrically stimulated cycling or
resistance training, and walking exercises have been explored with the aim of reducing bone loss and/or
increasing bone mass and muscle mass in individuals with SCI. Exercise with electrical stimulation appears to
increase muscle mass and/or prevent atrophy, but studies investigating its effect on bone are conflicting.
Several methodological limitations in exercise studies with individuals with SCI to date limit our ability to
confirm the utility of exercise for improving skeletal status. The impact of standing or walking exercises on
muscle and bone has not been well established. Future research should carefully consider the study design,
skeletal measurement sites, and the measurement techniques used in order to facilitate sound conclusions.

J Spinal Cord Med. 2006;29:489-500

Key Words: Spinal cord injuries; Bone loss; Muscle atrophy; Fractures; Osteoporosis; Functional electrical

stimulation; Bone mineral density; Immobilization; Exercise; Mechanical loading

INTRODUCTION

Decreases in muscle activity and mechanical loading
result in bone loss and muscle atrophy, as has been
observed following spaceflight, bed rest, and aging (1-
3). Osteoporosis and muscle atrophy are frequently cited
complications occurring after a spinal cord injury (SCI)
(4-8). The purpose of this review is to summarize the
literature regarding changes in muscle and bone that
occur following an SCI, as well as to review the
interventions that have been studied for preventing or
reversing these changes.

SOFT TISSUE CHANGES AFTER SCI

Changes in Muscle

After SCI, there is a rapid and dramatic loss of muscle
mass below the level of the lesion (9-11). In individuals
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who were only 6 weeks post-SCl, average muscle cross-
sectional areas (CSAs) were 18% to 46% lower than in
control subjects (12). Prospective study of these patients
up to 24 weeks post-SCI revealed further declines in
average gastrocnemius and soleus muscle CSAs of 24%
and 12%, respectively (12). Similarly, from 6 weeks to 24
weeks postinjury the average decreases in quadriceps,
hamstrings, and adductor muscle CSAs were 16%, 14%,
and 16%, respectively. Another prospective study, which
employed dual-energy x-ray absorptiometry (DXA) to
measure fat-free mass, documented a 15% loss of lower
limb lean mass in the first year after SCI (11). Advancing
age and duration of injury have been associated with less
percentage lean mass (13). Muscle atrophy may be
limited to sublesional areas; in a monozygotic twin study,
trunk and leg lean masses were significantly lower in the
twins with SCI, whereas arm lean mass was not
significantly different when the twin pairs were compared
(14). In individuals with SCI, fat-free soft tissue contains
approximately 15% less muscle tissue than in control
subjects; therefore, using DXA-measured fat-free mass as
a surrogate for muscle mass may actually underestimate
the muscle atrophy that occurs (15).
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Reductions in muscle can result in decreased
metabolic rate and increased fat storage if energy intake
is not adequately adjusted relative to energy expenditure
(16). For example, individuals with complete SCI had
reduced energy expenditure compared with controls,
and lesion level was correlated with basal metabolic rate
and total daily energy expenditure (9,17). Reduced
peripheral sympathetic nervous system activity in indi-
viduals with SCI may also contribute to reductions in
resting metabolic rate. The potential influence of reduced
sympathetic nervous system activity on resting metabolic
rate was revealed by the observation that after adjusting
for fat-free mass, fat mass, and age, resting metabolic rate
was still lower in individuals with SCI when compared
with control subjects (9).

Changes in Fat Mass

Reports of SCl-related changes in fat mass are inconsis-
tent; some reports indicate that fat mass increases after
SCl, and other reports indicate that there is no change in
fat mass after SCI. A prospective study in individuals with
acute SCI demonstrated trends toward increasing fat
mass in the lower limbs after SCI; however, large
dispersion of individual changes prevented any general
conclusions (11). Conversely, a study of monozygotic
twins demonstrated that the twins with SCI had more
total body fat and percentage fat per unit increment in
body mass index than the non-SCI twins (14). Absolute
leg fat was reported to be similar in SCI and non-SCI
twins (18). However another study reported that
percentage fat in the legs was higher in SCI twins when
compared with non-SCI twins (14); the discrepancy may
be related to differences in reporting, as muscle atrophy
in the legs in SCI twins would result in an apparent
increase in percentage fat in the legs, even if fat mass
remained constant. Several other reports in the literature
confirm that fat mass in individuals with chronic SCI is
increased relative to controls (10,13,16,19). Two other
studies suggesting that fat mass is not different in
individuals with SCI incorporated small sample sizes
(9,20).

Several factors may explain the unpredictable nature
of fat mass changes following SCI. Several different
measurement methodologies have been employed,
including DXA, total body electrical conductivity, and
dilution of *H,0 and Na,>*SO,. Changes in fat mass may
be variable and dependent on the interaction of a variety
of patient-specific variables. For example, advancing age
has been associated with less lean mass and increased fat
mass in individuals with SCI but is mildly associated with
these variables in controls (13). The level and complete-
ness of the injury of all subjects can differ across studies.
Activity level may also play an important role; sedentary
SCI subjects were found to have significantly higher
percentage and absolute body fat mass than active SCI
subjects (20).
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OSTEOPOROSIS IN SCI
Diagnostic Methods
DXA is the clinical “gold standard” for diagnosing
osteoporosis. From a research perspective, DXA, periph-
eral quantitative computed tomography (pQCT), mag-
netic resonance imaging (MRI), and quantitative
ultrasound have been used to characterize skeletal
changes after SCI. Quantitative ultrasound may assess
indices of bone strength that are independent of bone
mineral density (BMD). Peripheral quantitative computed
tomography enables researchers to evaluate volumetric
BMD (in both cortical and trabecular compartments), as
well as bone area and indices of bone geometry at
appendicular sites. SCI may have dissimilar effects on the
different bone compartments and/or on bone geometry.
Clinically, measurements of BMD are often expressed
as T-scores (standard deviation units). The World Health
Organization (WHO) defines osteoporosis as having a
DXA-measured BMD T-score at the spine, hip, or radius
that is 2.5 SD or greater below the mean of a healthy
young adult reference population (21). However, the
WHO T-score osteoporosis screening criteria using BMD
measurements are based on the likelihood of hip fracture
in non-spinal cord injured postmenopausal women and
may only apply to that population, skeletal site, and
measurement technique. Criteria for assessing fracture
risk in the SCI population have yet to be defined via
prospective studies. Further, confounding variables, such
as heterotopic ossification or neuropathic changes, may
falsely elevate BMD as measured by DXA, both in the
spine (22) and hip (23). Therefore careful interpretation is
warranted in the diagnosis of osteoporosis using DXA-
measured BMD in the SCI population.

Skeletal Changes

The magnitude of bone lost in the lower limbs following
SCl is substantial and has been described in a number of
cross-sectional studies using both DXA and pQCT (Table
1). Earlier research suggested that the rate of bone loss
after SCI is rapid and linear in the acute stages,
establishing a lower steady-state bone mass level 1 to 2
years after the event (5,24). Significant bone loss has
been reported many years after SCI in other studies,
indicating that bone loss may not plateau as previous
studies had suggested (25-28). The time course of bone
loss may depend on the bone compartment; at sites with
a high proportion of trabecular bone, bone loss followed
a log curve leveling off from 1 to 3 years postinjury,
whereas at the tibial diaphysis, a cortical bone site, bone
mass appeared to decrease progressively beyond 10 years
postinjury (29).

Significant loss of lower limb bone after SCI has been
confirmed in a handful of prospective longitudinal studies
(Table 2). Consistent with observations in cross-sectional
studies, initial bone mass losses are greater in trabecular
than in cortical compartments (11,30,31). In addition,
there is considerable interindividual variability in the
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amount of bone loss that occurs after SCI. For example,
tibial trabecular bone losses within 2 years of SCI ranged
from 0.4% to 80%, and cortical bone changes ranged
from a 1.7% increase to a 32.7% decrease (30).

Bone lost after SCI is site-specific, with the largest
decrements visible in the lower limbs. Upper extremity
loss is often only noted in tetraplegia; significant
differences have been noted in upper extremity bone
status when comparisons were made between paraplegia
and tetraplegia (4,31-33). A prospective study demon-
strated trabecular and cortical bone losses of 19% and 3%
to 4%, respectively, at the radius 12 months after SCI in
patients with tetraplegia (31). Lumbar spine BMD has
been documented to be increased, decreased, or
unchanged after SCI (18,25,34-38). However, CT scans
of the spine in individuals with SCI revealed that bone
loss had occurred, but bone loss was not apparent in DXA
scans, perhaps because of confounding factors such as
heterotopic ossification or neuropathic changes (22).

After SCI, there are bone structural changes in
addition to losses of bone mass. For example, an MRI
study demonstrated that men and women with long-
standing complete SCI had reduced bone volume and
trabecular number, and increased trabecular spacing at
the distal femur and proximal tibia compared with
controls (39,40). Alterations in bone area and bone
geometry after SCI have also been reported (41,42).
Another MRI study revealed endosteal erosion at mid-
femur resulting in reduced cortical thickness, polar and
cross-sectional moments of inertia, and section modulus
in the SCI group compared with controls (43). An
interaction between reduced mechanical loading and
estrogen loss has been demonstrated; trabecular spacing
in postmenopausal women with SCIl was 34% less than in
premenopausal women with SCI (P < 0.059) (40).

Broadband ultrasound attenuation (BUA) and speed
of sound (SOS), measured in the lower limbs with
quantitative ultrasound, have been demonstrated to be
lower in individuals with SCI than in reference popula-
tions, and decreased with time post-SCI (29,44,45).
However, one study demonstrated that SOS measure-
ments at mid-tibia were not different in individuals with
SCl compared with a reference population (46). The time
course of change in BUA and SOS varied at each site;
changes in ultrasound variables at the calcaneus leveled
off 6 to 12 months postinjury, whereas tibia SOS
decreased linearly with time postinjury, perhaps reflect-
ing the type of bone represented at each site (ie,
trabecular vs cortical) (29).

Several factors may influence the loss of bone after
SCI. The degree of bone loss has been demonstrated to
be associated with the degree of posttraumatic immobi-
lization and the time postinjury (35,47). Individuals with
incomplete SCI tend to lose less bone than individuals
with complete SCI (4,25,36,48). The degree of mobility
may be important: a cross-sectional study demonstrated
that BMDs in individuals with SCI were positively

correlated with mobility assessed via a mobility index
ranging from complete paralysis to unlimited ambulation
(49). Although increased spasticity may help to preserve
muscle mass in individuals with SCI, it may not preserve
bone (11). However, a study of pediatric individuals with
SCI demonstrated that BMD was higher at the femoral
neck and Ward’s triangle among individuals with
spasticity (50). A significant correlation between cortical
bone volume and muscle volume was demonstrated in
individuals with SCI and controls, indicating that muscle
activity may play a role in maintaining bone mass (43).
However, the cortical bone volume:muscle ratio was
higher in SCI than in controls, indicating that the muscle
loss after SCI was greater than the loss of cortical bone.

Bone Biochemical Changes

Histomorphometric data indicate that in the first 16
weeks of immobilization, trabecular osteoclastic resorp-
tion surfaces increase, returning to normal at approxi-
mately 40 weeks. Osteoblastic apposition rate and the
thickness of the iliac cortices decrease over 40 weeks of
immobilization (51). After SCI, bone formation markers
remain at normal or slightly higher than normal levels.
Osteocalcin levels increase to a peak several months after
SCI but often remain within normal ranges (52,53).
Serum procollagen | carboxyterminal propeptide levels
within normal ranges have been reported up to 3 months
after SCI (53). Bone alkaline phosphatase measured
approximately 3 months postinjury was not significantly
different from controls (54). However, high levels of
alkaline phosphatase have been reported during the first
year postinjury in individuals with SCI, which may reflect
high levels of overall bone turnover (55).

Markers of bone resorption include urinary free and
total pyridinoline (Pyr) and deoxypyridinoline (DPD)
cross-links, type 1 collagen C-telopeptide (CTX), and N-
telopeptide (NTX). After SCI, notable increases in bone
resorption markers have been reported to occur as early
as 2 weeks, reaching peak values 2 to 4 months after
injury onset (53,54,56,57). Values did not return to
baseline levels at 6 months postinjury (56). A cross-
sectional study reported elevated levels of DPD in 30% of
paraplegic individuals injured for greater than 10 years
(29). These studies suggest that bone resorption increas-
es after SCI with only small changes in bone formation,
and the elevated resorption may persist beyond the acute
stages of injury.

Systemic factors known to regulate bone and calcium
homeostasis may become altered after SCI. Hypercalci-
uria is often reported after SCl and may be reduced with
re-ambulation (58,59). lonized calcium has been dem-
onstrated to increase into the hypercalcemic range after
SCI, remaining there for 6 months together with a
parallel increase in urinary calcium excretion (56).
Increases in ionized calcium may result in suppression
of parathyroid hormone (PTH) and 1,25-dihydroxyvita-
min D levels in the first 4 months to the first year after SCI
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(54,56,57). Predisposing factors for hypercalcemia in
acute SCI include age less than 21 years, higher injury
level, complete injury, and prolonged immobilization
(60). In individuals with long-standing SCI, ionized
calcium levels were not different from non-SCI controls
(61). Vitamin D deficiency has been reported in
individuals with chronic SCI, which may cause secondary
hyperparathyroidism and subsequently increase bone
resorption in these individuals (62).

Risk for Fractures

Low-energy fractures in individuals with SCI have been
reported to occur during events that would not normally
cause fracture, such as a transfer from bed to chair, or
being turned in bed (63-65). Common fracture sites
appear to be those around the knee, such as the distal
femur or proximal tibia (64,66). The fracture rate in the
SCI population has been reported to be from 1% to 21%
of patients (6,63,64,66,67). Fracture prevalence has been
reported to increase with time post-SCI, from 1% in the
first 12 months to 4.6% in individuals >20 years
postinjury (29).

Fractures are more likely to occur in individuals with
lower than with upper motor neuron lesions, and they
are more likely in individuals with complete injuries than
incomplete injuries (66). Duration of injury and BMD
have been suggested as predictors of fracture risk, in
studies comparing individuals with SCI who do and do
not have a history of fracture (29,68). Several studies
(Table 1) have demonstrated that DXA-measured and
pQCT-measured BMD or bone geometry can distinguish
individuals with SCI who have had fractures from those
who have not (42,67-69). However, the most appropri-
ate method (DXA, pQCT), measurement site (proximal
femur, distal femur, proximal tibia), variable (BMD, bone
area, bone geometry), or threshold that should be used
to define fracture risk in the SCI population has not been
confirmed in a prospective study (70).

Complications related to fracture in the SCI popula-
tion present an additional source of morbidity. Some
complications reported in the literature include altered
fracture healing, delayed union, malunion and non-
union, pressure sores, infection, and osteomyelitis
(6,64,65,71). In addition, diminished pain sensation
may delay the seeking of medical advice; delays of 1
day to 4 weeks have been reported (72). Finally,
complications and difficulties treating fracture in individ-
uals with SCI may require prolonged immobilization and
hospitalization. This necessity may cause further detri-
ment to bone and moreover may result in lost wages, less
social interaction, and reduced quality of life.

Therrisk of fracture for individuals with SCl who partake
in activities such as functional electrical stimulation (FES),
standing frames, and treadmill walking has not been
studied extensively. A case report documented a femoral
fracture that resulted from measurement of maximal
isometric quadriceps torque using electrical stimulation
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(73). Forindividuals with SCl who participate in exercise or
activities involving mechanical loading of the lower limbs,
an assessment of risk, including history of fracture, BMD,
and degree of loading, should be performed by a qualified
physician before initiation of the proposed activities, and
recommendations made accordingly.

FUNCTIONAL ELECTRICAL STIMULATION IN INDI-
VIDUALS WITH SCI

Effects on Muscle

Functional electrical stimulation can be used to produce
isometric contractions (74-76), to facilitate gait (77,78), or
to produce contractions against resistance during cycling
or leg extensions in individuals with SCI (74,75,79-90).
Despite variability in the intensity, duration, and frequency
of the exercise interventions, the positive effects of FES
exercise on muscle are fairly well established (74-
76,84,89,91). For example, lower extremity muscle
volume increased 10% after 6 months of FES cycle
ergometry 2 to 3 times per week (89). More frequent
bouts of exercise may have a greater effect on muscle; 7 FES
cycle ergometry sessions per week in men with complete
tetraplegia resulted in significant increases in lower limb
muscle areas (+22%), along with significant increases in
whole body percentage lean mass and reductions in
percentage fat mass (84). FES muscle strengthening before
FES cycle ergometry may also be advantageous for
increasing muscle. An FES training program that began
with quadriceps strengthening and progressed to concur-
rent arm ergometry and FES cycle ergometry produced
significant increases in muscle cross-sectional areas (rectus
femoris +31%, sartorius +22%, adductor magnus-ham-
strings+39%, and vastus medialis-intermedius+31%) (91).
In fact, the muscle-strengthening component may have
the greatest impact: significant increases in quadriceps
muscle protein synthetic rate were noted in 4 men with
paraplegia after 10 weeks of quadriceps muscle strength-
ening, but the increase in muscle area after transition to a
cycle ergometry program was not significantly different
from the end of the first regimen (87).

FES-induced isometric contractions can also increase
muscle cross-sectional area and maximal force, and
improve fatigue resistance in individuals with complete
SCI (76,92). However, isometric contractions may not be
optimal for preventing or reversing muscle atrophy. FES
cycle ergometry, but not isometric contractions with FES,
prevented muscle atrophy when performed in the acute
phase following SCI (74). In addition to its effects on
muscle mass, FES cycle ergometry has been demonstrat-
ed to increase muscle fiber area and capillary number in
individuals with motor complete SCI (82).

Effects on Bone

In contrast to its reported positive influence on muscle,
the effects of FES exercise on bone in acute and chronic
SCI are inconclusive (Table 3). Several studies have
demonstrated no effect of FES strengthening or cycle
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Table 2. Prospective Studies of Bone Loss After SCI Measured by DXA or pQCT*

Number of
Participants Skeletal
Mean Age = SD  Days Completei  Site(s) % BMD Loss
Author or (range) Post-SClI Follow-up  Incomplete Measured Reported
Biering-Sorenson 1990 6 Men 9 30to 53 mo  8C, 1l FN —30% to —40%
(34) 2 Women PT —-50% to —60%
de Bruin 2000 (42)7 9 Men, 35 249 = 1.3 mo 4C, 5l DT, TS —35.3% Trabecular
324+ 9 —12.9% Cortical
de Bruin 2005 (27)f 9 Men Within 42 = 59 mo  4C, 6l DT —40% Trabecular
1 Women 35 days —11% Cortical
(19-81)
Frey-Rindova 2000 27 Men 30 ~1y 10C, 191 DT —15% Trabecular
BNt 2 Women —7% Cortical
(19-59)
Garland 1992 (5) 12 Men, 114 = 8.6~1y DT, PF -13%, -13%
28 = 0.8
Wilmet 1995 (11) 24 Men Within ~1y 25C, 61  Pelvis, legs Complete:
7 Women 56 days —40% to 45%, —25%
32.5 (18-66) Incomplete:
-30%, —10%

*SCl, spinal cord injury; DXA, dual-energy x-ray absorptiometry; pQCT, peripheral quantitative computed tomography; C, complete;
I, incomplete; BMD, bone mineral density; FN, femoral neck; PT, proximal tibia; DT, distal tibia; TS, tibia shaft; PF, proximal femur.

tDenotes pQCT studies.

IComplete SCI was defined as ASIA impairment classification of A.

ergometry on measures of bone health (79,81,85,87,90),
whereas others have demonstrated increases in bone
mass after FES-induced muscle strengthening (80) and
FES cycle ergometry (93,94). These latter studies were
longer in duration than many of the other studies, and 2
employed a higher exercise frequency (5 times per
week). In addition, both of these studies measured
BMD at one or both of the fracture-prone sites in
individuals with SCI (80,93,94).

It may be that a minimum effective strain on bone is
required to stimulate increases in BMD in the lower limbs
after an SCI. Nine months of thrice weekly FES cycle
ergometry failed to increase BMD at the femoral neck,
distal femur, and proximal tibia in individuals with
complete SCI. However, among those who could achieve
a power output of greater than 18 W during cycle
ergometry (n = 4), the average change in distal femur
BMD was a statistically significant 17.8% increase (81).

STANDING OR WALKING AFTER SCI

Effects on Muscle and Bone

There are few published studies that report the effect of
standing or walking interventions on muscle. A recent
case series reported increases in lean mass and muscle
area in individuals with acute SCI as a result of early
weight bearing via body weight-supported treadmill
training (95). Acute SCI was defined as SCI injury less
than 1 year before baseline measurement. Increases in
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muscle fiber size and a shift of the fiber types toward a
less fatigable fiber type profile after approximately 6
months of thrice-weekly body weight-supported tread-
mill training have been reported (96).

Studies of skeletal changes associated with weight-
bearing activities after SCI are also limited. After 12 to 20
weeks of training with an ambulation device that
combined FES and a modified walker, no significant
increase in BMD was observed (97). Individuals with
chronic SCI who participated in regular standing (with a
standing frame) did not experience changes in BMD, but
the average duration of the intervention was only 135
days (98). A cross-sectional study demonstrated that
individuals with complete SCI who had performed
standing during the acute phase postinjury, either with
long leg braces, a standing frame, or a standing
wheelchair, had better preserved BMD at the femoral
shaft and/or proximal femur than those who had not
(99). The data from this study are limited by a cross-
sectional study design and participant self-selection to
loading or nonloading groups.

Early weight-bearing after acute SCI by standing or
treadmill walking (5 times weekly for 25 weeks) resulted
in no loss or only moderate loss in trabecular bone
compared with immobilized subjects, who lost 7% to 9%
of trabecular bone at the tibia (100). However, the
control group included only 4 individuals excluded from
the intervention based on lower motor neuron involve-
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ment, immobilization for medical complications, or
motivational issues, criteria that might make them more
likely to experience bone loss than the weight-bearing
group. Individuals participating in treadmill walking had
motor incomplete (ASIA C or D) lesions (n = 4);
individuals participating in standing had motor complete
(ASIA A or B) lesions (n=5); and among individuals in the
control group, 3 had motor complete lesions and 1 was
classified as ASIA C (100). Trabecular bone density in
individuals performing treadmill walking was not signif-
icantly different than a group that participated in passive
standing (100). The results of this study suggest that early
mobilization may reduce bone loss in the acute stages
after SCI.

Preventing Bone Loss With Exercise In SCI: Things
to Consider
Of the small number of studies demonstrating that
mechanical loading might be beneficial for the skeleton
after SCI, a common component was a longer study
duration (ie, 6 months or greater) and/or an increased
exercise frequency (ie, 5 times per week), which may not
be practical in the clinical setting (80,86,100). The
frequency, intensity, and/or duration of exercise in other
published studies may not have been sufficient to have an
effect on the skeleton. In accordance with recent
research, shorter, more frequent exercise bouts may be
the best strategy for increasing bone mineral (101). It is
possible that once bone is lost in adults, it may be difficult
to recover, particularly if substantial micro-architectural
deterioration and/or permanent reductions in the mech-
anosensory abilities of bone cells have occurred. For
example, only 24 hours of disuse was required for
osteocytes to become hypoxic (102), suggesting that
the ability of bone cells to detect loading may be
impaired, even in acute SCI. As well, substantial micro-
architectural deterioration has been reported after SCI
(39). No exercise intervention has demonstrated restora-
tion of bone micro-architecture after it has been lost.
Currently, there are no interventions that have consis-
tently demonstrated efficacy for preventing or reversing
the dramatic bone loss occurring after SCI population
that can easily be implemented in the clinical setting.
Since the distal femur and proximal tibia are the most
common sites of fracture in SCI, an effort should be made
to assess the impact of intervention at these sites,
particularly because they have been demonstrated to
respond to intervention (80,93). Finally, randomized,
controlled designs are difficult in the SCI population
because of the small number of subjects recruited and the
high potential for drop out among subjects randomized
to the control group. As well, unless a large number of
participants are recruited, it is difficult to establish
adequate matching between control and intervention
groups because of interindividual variability in character-
istics such as age, sex, level and completeness of lesion,
and time postinjury. Limitations in study design restrict
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the conclusions that can be made regarding the effect of
exercise on the skeleton and should be acknowledged.

SUMMARY

Individuals with SCI not only lose motor and/or sensory
function, they experience dramatic muscle and bone
changes. Functional electrical stimulation is a method of
exercise that has been employed in the SCI population
that has demonstrated some success in improving
muscle, with less conclusive evidence that it has a
positive effect on bone. Body weight-supported treadmill
training has been explored in SCI with the intention of
improving ambulation, but the potential benefits of this
technique or of passive standing on the muscle and bone
should be explored further. Future research should
carefully consider the study design, the measurement
sites, and the measurement techniques used in order to
facilitate sound conclusions.
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