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Across the training period, all subjects experienced reductions in the amount of
BWS and manual assistance that were required, and increases in independent stepping,
treadmill velocity, and endurance. Ambulatory progress was related to the pre-training
ASIA scores, with the greatest gains seen in those subjects with the highest residual
motor capabilities. At the completion of the training program, urinary
[deoxypyridinoline] was significantly increased (p<0.05) compared to pre-training.
Serum [osteocalcin] and BMD were not significantly different pre-to post-training.
With respect to lipid metabolism, only TC was significantly lower (p<0.05) post-
training. The response of the lipoprotein fractions to the BWSTT protocol was variable
between subjects.

The results of this study indicate that coincident with improving ambulation,
BWSTT has the potential to increase bone remodelling in persons with chronic SCI.

The effect of this protocol on lipid and lipoprotein profiles is uncertain.
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abolishes all descending influences (see review in Rossignol and Barbeau 1995).

In contrast to the abundance of data in animals, evidence for locomotor CPGs in
humans is less definitive, and is for the most part, limited to research published within the
past decade. Much of the support comes from BWSTT studies and is detailed in a section
below. Perhaps the simplest piece of evidence that is suggestive of CPGs for human gait
are the innate steplike movements that are present at birth, either spontaneously initiated
or triggered by peripheral stimuli. The central origin of these movements may be assumed
since the electromyographic (EMG) bursts precede the actual mechanical events; spinal
localization of these movements may be inferred based on the findings of stepping in
anencephalic infants (see review in Dietz 1992).

In the absence of a model for fictive locomotion in humans, the strongest evidence
for spinal CPGs (exclusive of BWSTT research) may be that non-patterned electrical
stimulation of the posterior structures of the lumbar spinal cord in subjects with complete,
long-standing SCI can induce patterned, locomotor-like activity (Dimitrijevic et al. 1998).
These authors reported that epidural spinal cord stimulation over the second lumbar
segment was effective in eliciting step-like EMG activity and locomotor synergies in
subjects with complete paraplegia. Other evidence to support the existence of locomotor
CPGs in humans, excluding that from BWSTT studies, is limited. A case study involving a
person with chronic, incomplete SCI reported that involuntary, rhythmic, alternating, and
forceful movements of the lower extremities could be reliably evoked by lying the subject
supine and extending his hips (Calancie et al. 1994). The striking similarity between the

movement and EMG patterns in this subject and those described in many reports using the









pattern for gait that are particularly dependent on afferent signals are: 1) the magnitude of
activity in knee and ankle extensor muscles, and 2) the duration of extensor bursts during
stance (ie. the timing of the transition from stance to swing) (Pearson et al. 1998).

Afferent input may influence locomotor movements via “direct” pathways to the
motoneurons, or more “indirect” pathways through the rhythm generator (Grillner 1985;
Hultborn et al. 1998). This differentiation between afferent feedback that results in a reflex
response “independent of CPGs” and feedback that is “interpreted” by locomotor CPGs, is
a fundamental concept underpinning BWSTT theories. There is general agreement that the
control of stance and gait is not based on reflex responses, but that a selection and
integration of peripheral and supraspinal input occurs to generate an appropriate response
pattern (Dietz 1992).

The interaction between supraspinal input and afferent reflex activity at the level of
the spinal cord characterizes the interdependence of the neural components involved in
locomotion. Spinal reflex responses are not stereotyped to a given sensory input; rather,
depending on the descending and segmental conditions, different available efferent
pathways are utilized (see review in Dietz 1992). An example is the maturation of
locomotor patterns in which a descending inhibition of monosynaptic/short-latency
reflexes (by presynaptic inhibition of group I afferents) and facilitation of
polysynaptic/long-latency spinal reflexes becomes established (Dietz 1992). This
regulation can be described as a reciprocal modulation of mono- and polysynaptic reflex
mechanisms (Dietz 1992). When this control is either not yet matured (children) or

impaired (spastic paresis), inhibition of monosynaptic stretch reflexes is missing in



combination with a reduced facilitation of polysynaptic reflexes (Dietz 1992).

Locomotion in SCI and BWSTT

Based on the preceding model of the neuronal control of human locomotion, the

direct effects of a complete SCI on locomotor potential are:

I) the loss of facilitative drive from the brainstem to the CPGs,

II) the loss of cerebellar refinement of locomotor patterns, and

III) the loss of supraspinal descending pathways that modulate spinal reflexes.

The loss of facilitative drive is the most consequential of the three, as it effectively “turns
off’ the lumbosacral locomotor CPGs and subsequently eliminates any proprioceptive
feedback that would have been generated by movement. Assuming the model is accurate,
a person with a SCI retains the potential to ambulate due to the residual locomotor CPGs
in the lumbosacral cord. However, the lack of both supraspinal drive (disrupted neuronal
connections) and afferent input (paralysis) is paramount, and voluntary stepping
movements are not realized. This assessment concurs with Kuhn’s (1950) explanation for
the reduction in locomotor potential in humans with SCI (see above).

Within the past decade, a group of research teams (Barbeau/Rossignol et al.; Dietz
et al.; Dobkin/Edgerton/Harkema et al.; Wernig et al.) interested in human locomotor
CPGs have focused their attention on persons with SCI. Because of limited or absent
supraspinal input (depending on lesion severity), persons with SCI offer a valuable
paradigm in which the theoretical, latent, locomotor CPGs can be isolated and assessed.
The majority of the research uses a system of BWSTT adapted from experiments with

cats. BWSTT reduces the weight bearing requirement of standing. This “unloading”,



which is usually accomplished with a harness + suspension system, allows independent
standing in SCI persons not capable of supporting 100% of their body weight.
Physiotherapists can then assist with the stepping movements of the subjects in accordance
with the speed of the treadmill. The ability of ambulation-associated afferent signals to
elicit and train efferent locomotor EMG activity and movements of the leg is assessed and
used as indirect support for spinal CPGs.

A review of the methods and apparatus used in BWSTT (Dietz et al. 1994; Dietz
et al. 1995; Dietz et al. 1998; Dietz et al. 1997; Dobkin et al. 1995, Wernig and Muller
1992; Wernig et al. 1995) can be summarized with the following general guidelines - note
that these guidelines are intended for protocols in which recovery of gait is the primary
goal. Unloading of the subject’s body weight should be accomplished with a harness that
suspends the body in a near-vertical position and allows an axial direction of contact
forces with the treadmill. The harness should permit extension at the hip joint during the
stance phase of gait. BWS should be set as the minimum amount that enables the subject
to stand vertically with legs fully extended (ie. no buckling) and, debending on residual
moto'; function, execute stepping movements. The speed should be adjusted with two
goals in mind: to find an optimal rhythm for each subject and to minimize assistance. If
required, assistance should be provided to encourage proper timing of the stance and
swing phases of both legs, and to ensure that the knee and hip joints are fully extended
during the stance phase to optimally support body weight. Hyperextension of the knees
should be avoided however, to prevent damage to ligaments around the knee joint. The

feet should pass under the vertical projection of the subject’s center of gravity in order to



obtain a full activation of extensor muscles. The pelvis should be kept fixed so that loading
of knee and ankle joints occurs in a physiological manner. The subject’s hands, while they
may be used for balance on the lateral frames of the treadmill, should be discouraged from
bearing weight. Whenever possible, walking with reciprocal arm swinging should be
encouraged.

The provision of BWS has been shown to have beneficial effects on the locomotor
pattern of persons with incomplete SCI. Compared with full weight bearing ambulation,
ambulation with BWS in this cohort produces more appropriate EMG timing in relation to
the gait cycle, increases in single limb support time, stride length and comfortable walking
speed, and a decrease in percentage total double support time. Joint angular displacement
data also reveal straighter trunk and knee alignment during the weight bearing phase with
BWS (Visintin and Barbeau 1989). The ability of the BWS apparatus to provide a context
in which ambulation can approximate “normal” is advanced as a primary reason for the
success of BWSTT. This is because the afferent volleys associated with these “normal”
ambulatory patterns are more apt to be recognized by the lumbosacral CPGs.

The inability of SCI subjects to voluntarily generate locomotor EMG patterns
when supine, even after BWSTT (Dobkin et al. 1995; Wemnig and Muller 1992; Wernig et
al. 1995), suggests that the sensory information associated with weight bearing stepping is
required to initiate the locomotor pattern. A further indication of the importance of
incoming afferent information during BWSTT is that when the flow of stepping is
interrupted (ie. by an incomplete step), a proper starting position must be imposed to

continue stepping (Wernig et al. 1995). In the same study, the authors (Wernig et al.



1995) also observed that most of the subjects with SCI could not start stepping from a
parallel limb position with equal loading on both limbs. Instead, the subjects needed to
load and unload the paralysed limb in a rhythmic and alternating manner accérding to the
‘rules of spinal locomotion’ to initiate stepping. These observations suggest that in
persons with SCI, recognizable afferent patterns during BWSTT can assume the role
previously held by the brainstem as the facilitator of the lumbosacral locomotor CPGs.

Several studies investigating the effectiveness of BWSTT in persons with SCI have
yielded positive results with respect to ambulatory outcomes (Dietz et al. 1994; Dietz et
al. 1995; Dietz et al. 1998; Dobkin et al. 1992; Dobkin et al. 1995; Wemig et al. 1992;
Wernig et al. 1995, Wernig et al. 1998). The improved ambulatory capacity following
BWSTT is reflected by improvements in weight bearing, walking speed, walking
endurance and gait pattern (see review in Barbeau et al. 1998). Underlying these external
changes are neuromuscular adaptations; these include better synchronization of EMG
bursts to the swing and stance phases of the step cycle (Dietz et al. 1994; Dietz et al.
1995; Dietz et al. 1998; Dobkin et al. 1992), increased amplitude of EMG signals (Dietz et
al. 1994; Dietz et al. 1995; Dietz et al. 1998), and more recently noted, non-specific
musculo-tendinous adaptations (Dietz et al. 1998). The latter observation stems from
BWSTT in patients with paraplegia due to a cauda (peripheral nerve) lesion. It was
observed in this cohort that improvements in locomotor function were not connected with
a corresponding change in leg muscle EMG activity. This led the authors to conclude that
the locomotor improvements associated with BWSTT can be partially explained by

adaptations within the locomotor apparatus - ie. muscular-tendon systems (Dietz et al.
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1998).

The parsimonious explanation that the EMG activity observed during BWSTT is a
reflection of rhythmic stretches of the leg muscles (Rossignol and Barbeau 1995; Stewart
et al. 1991) (and not a manifestation of CPG output), has been repeatedly refuted (Dietz
1995; Dobkin et al. 1995; Harkema et al. 1997). The finding that leg muscle EMG activity
during stepping is about equally distributed between muscle lengthening and shortening,
both in subjects without neurological impairments and in subjects with complete
paraplegia, indicates that stretch reflexes are unlikely to be the sole factor responsible for
the EMG patterns (Dietz 1995; Dobkin et al. 1995).

The more reciprocally organized EMG patterns and increased EMG amplitudes
seen over time with BWSTT in persons with SCI have been ascribed by some authors to
the ability of the isolated human spinal cord to not only generate a locomotor pattern, but
also “to learn” (Dietz 1995; Dietz et al. 1997). Although it is appealing, this “learning”
theory does not have unanimous support within the BWSTT literature. It has been
proposed that the increase in EMG amplitude seen with BWSTT is due to an increase in
body loading (ie. decrease in BWS) which is interpreted and responded to by the
lumbosacral spinal cord (Harkema et al. 1997). This argument is based on the observation
that the modulation of EMG amplitude from the soleus and gastrocnemius muscles of
untrained SCI patients during BWS ambulation is closely associated with limb peak load
(Harkema et al. 1997). Thus, the principle of this argument is not that the spinal cord can
learn, but rather that the lumbosacral spinal cord has the ability to perceive and respond to

afferent stimuli (Harkema et al. 1997). To identify the relative contributions of chronic
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CPG learning and acute lumbosacral responsiveness (to limb peak load) to the increased
EMG activity seen with BWSTT, Dietz et (1998) used mathematical analyses. The
investigators reported that when the effect of (un)loading was separated statistically, the
effect of training on EMG activity was still significant. This result agrees with earlier
studies that found that: 1) the slope of EMG increase with BWSTT did not parallel the
amount of unloading in subjects with SCI, and 2) unloading of healthy subjects did not
result in a similar reduction of EMG amplitude and activity (Dietz et al. 1994, Dietz et al.
1995). One benefit of this apparent spinal CPG “learning” is that the EMG activity in the
extensor muscles becomes high enough to allow the extensors to take on more load during
ambulation. In summary, the results to date demonstrate the importance of activity-
dependent reorganization following CNS injury and suggest that significant plasticity is
possible and may persist for many years following SCI (Barbeau et al. 1998).

As noted above, one of the consequences of a SCI (with respect to locomotor
potential) is the loss of supraspinal modulation of reflex activity at the level of the spinal
cord. A loss of descending control means that functionally essential polysynaptic reflexes
are not facilitated and that monosynaptic stretch reflexes are not inhibited (Dietz 1992).
As a result, hypertonia (in the form of spasticity) and exaggerated tendon reflexes (ie.
clonus) can develop following SCI (Dietz et al. 1997). What is the relationship between
these neuromuscular changes and locomotor potential in SCI? Dietz et al. (1997) reports
that extensive investigations on functional movements of the lower extremity muscles have
not shown any causal relationship between exaggerated reflexes and movement disorder.

The pattern of muscle activation and development of increased muscle tone in spasticity
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incidence of early death (ie. from genitourinary causes - renal failure) (DeVivo 1989,
DeVivo et al. 1993; DeVivo and Stover 1995, Frankel et al. 1999; Maynard and
Weingarden 1989, Whiteneck et al. 1992) and consequently, more persons with SCI are at
risk for CVD, particularly as this population ages (Bergman et al. 1997).

The literature is made confusing by inconsistent use of terminology with respect to
CVD, coronary artery disease (CAD), and coronary heart disease (CHD), but the main
points are clear. Although the prevalence of CHD in the population of persons with SCI is
not established wuh certainty (Bauman et al. 1999), epidemiological reports repeatedly
identify CAD/CVD as a leading cause of morbidity and mortality (Bergman et al. 1997,
DeVivo et al. 1993; DeVivo and Stover 1995; Frankel et al. 1999; see review in Kocina
1997, Le and Price 1982; Whiteneck et al. 1992; Yekutiel et al. 1989). Merging of all the
data from the US National Database, the collaborative studies and the Social Security
Administration (n=17 349) revealed that heart disease (ischemic and non-ischemic
combined) was the second leading underlying cause of death among tetraplegics and the
lead_ing underlying cause of death among paraplegics (DeVivo and Stover 1995). In
addition, it has been shown that CVDs were the leading cause of death in persons with
longstanding SCI (over 30 years) and among those with SCI age 60 and over (Whiteneck
et al. 1992). In a review of survival studies (of persons with SCI), Washburn and Figoni
(1999) stated that adults with SCI are at increased risk for CV morbidity and mortality
compared with able-bodied populations. However, this review failed to include the
research of DeVivo et al. (1993) and DeVivo and Stover (1995). These two studies

reported that only nonischemic heart disease, and not ischemic HD, was associated with a
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integrates the metabolic and somatotypical changes that pervade the SCI population

(Washburn and Figoni 1999).

SCI
l
muscle paralysis and autonomic decentralization
inability to voluntarily exctrcise a “large” muscle mass
l physic;l activity
| exercise tolerancel- fitness & mobility
change in body compositiori - 1 fat mass & ! lean mass
1 insulin resistancel& hyperinsulinemia
1 trigl;cerides
| HDL-C
I CI-IlD nisk
! secondary iZV disabilities
1 functiona.ll impairment
further deconditioningl& | functional capacity

In this schema, reduced [HDL-C] is advanced as the surrogate marker of increased
CVD risk. It should be noted however, that the array of changes that contribute to this
dyslipidemic profile may also be independently associated with CVD risk.

The elevated insulin resistance in the SCI population is suggested to be due to a

combination of the following factors: I) reduced muscle mass, which is the primary

peripheral site of insulin action; II) a predominance of type IIb muscle fibers which are less
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sensitive to insulin action; III) denervation and concomitant reductions in physical activity,
which appear to be responsible for a) a post-receptor defect in insulin action, as well as b)
the loss of contraction-stimulated glucose disposal; and IV) increased adiposity and the
resulting decreased response of the peripheral tissue to insulin (see reviews in Bauman et
al. 1999; Washburn and Figoni 1999).

The mechanism(s) underlying the inverse relationship between serum triglycerides
(TG) and HDL-C, a relationship that has been observed in SCI (Bauman et al. 1998,
Bauman et al. 1994; Bauman et al 1992; Janssen et al. 1997, Zhong et al. 1995) and is
generally believed to exist (Bauman et al. 1999), has not been conclusively expounded. It
has been proposed that hyperinsulinemia may cause increased hepatic TG production,
which tends to lower serum HDL-C possibly by enhancing clearance mechanisms (see
review in Bauman et al. 1998). An alternative explanation is that the lower activity levels
of SCI persons reduces the activity of lipoprotein lipase (LPL) (Janssen et al. 1997). LPL
is an endothelial enzyme (eg. in heart, adipose tissue and skeletal muscle) responsible for
the delipidation of TG-rich chylomicrons and lipoproteins. LPL action also enhances the
uptake of the released fatty acid into extrahepatic tissue (Durstine and Haskell 1994). The
TG-poor lipoprotein remnants that result from LPL action play an important role in HDL-
C metabolism (see reviews in Berg et al. 1994; Durstine and Haskell 1994). These
remnants are transferred to HDL-C, which acts as a sink for them. There is a general
consensus that exercise and LPL activity are positively correlated in able-bodied persons
(see reviews in Berg et al. 1994; Durstine and Haskell 1994).

The evidence in support of the proposed dysmetabolic sequelae of SCI is very
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strong. Two comprehensive reviews reported consistently depressed levels of HDL-C in
the SCI population (Bauman et al. 1999; Washburn and Figoni 1999). With the exception
of reports by Cardus et al. (1992b) and Janssen et al. (1997), all the cross-sectional studies
that were reviewed showed significantly lower levels of HDL-C in SCI individuals when
compared with able-bodied controls (Washburn and Figoni 1999). The difference in
[HDL-C] between the two populations represents a potentially large increase in risk for
CVD in SCI persons (Washburn and Figoni 1999). Comprehensive reviews have also
found that impaired glucose tolerance, increased insulin resistance, and diabetes mellitus
are more prevalent in individuals with SCI than in able-bodied persons (Bauman et al.
1999; Kocina 1997, Washburn and Figoni 1999). Again, there are exceptions to this trend
(Dearwater et al. 1986, Yekutiel et al. 1989)

In a cross-sectional survey by LaPorte et al. (1983), [HDL-C] across different
cohorts was positively related to the level of physical activity, with marathon runners
having the highest values and those with acute SCI the lowest. The findings also suggested
that within the SCI cohort, HDL-C profiles improved as the time post-SCI increased. This
was attributed to the acquisition of new functional abilities and increased activity in
recovery. Other inferential reports of activity-induced changes in [HDL-C] in the SCI
population have been equivocal however. Using lesion level as a representative measure of
participation in physical activity, it has not been consistently shown that there exists higher
HDL-C levels in paraplegics (theoretically more active) when compared with tetraplegics
(see review in Washburn and Figoni 1999).

Cross-sectional studies correlating [HDL-C] and direct indices of physical activity
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in persons with SCI have generated more consistent results, and have established a basis
for exercise programs for persons with SCI. It has been shown that active SCI persons
have significantly higher levels of HDL-C compared with sedentary SCI persons (Brenes
et al. 1986; Dallmeijer et al. 1997, Dearwater et al. 1986). Two of these studies (Brenes et
al. 1986; Dearwater et al. 1986) also found that SCI athletes had concomitant lower total
cholesterol (TC) (significant) and TG (non-significant) levels than the SCI sedentary
group. It should be noted that differences in lesion level and ASIA classification between
groups were not controlled for in either of these studies (Brenes et al. 1986; Dearwater et
al. 1986). In the third study (Dallmeijer et al. 1997), all subjects had a SCI between C5-C8
and regression analysis found that completeness of the lesion did not significantly influence
the lipoprotein variables. Although the results were non-significant, Krum et al. (1992)
assessed physical activity on an ordinal 5 point scale (0=no exercise to 4=wheelchair
athlete), and also found a positive correlation between [HDL-C] and reported exercise in
SCI subjects. The only dissenting results have been reported by Janssen et al. (1997), who
found that activity level did not add significantly to the explanation of variance of [HDL-
C] in SCI subjects. Recall however, that this was also one of only two reports that found
that HDL-C levels were not significantly different between the SCI cohort and able-bodied
controls. Janssen et al. (1997) did report that [TC] and [LDL-C] were significantly
inversely related to sport participation in long-standing SCI, while the [HDL])/[LDL] ratio
was significantly and directly related to sport participation. Collectively, this research
appears to demonstrate that the dyslipidemia, and specifically the low concentrations of

total HDL-C observed in sedentary SCI persons, can be at least partially explained by
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the authors of this study suggested that 70-80% of HR reserve was moderate intensity
exercise, other classification systems (Wilmore and Costill 1994b) consider this intensity
(specifically the 75-80% range) to be heavy. The significance of this point is commented
on in the discussion. A longitudinal evaluation of lipid, lipoprotein, and apolipoprotein
profiles in the first two years post-SCI found that sport activity and improvements in
physical capacity can positively influence risk profile parameters (Dallmeijer et al. 1999).
Regression analyses showed that sport activity one year after discharge from rehabilitation
and changes in physical capacity were two of the three most important determinants of
changes in the lipid and (apo)lipoprotein profiles, even when other possible confounders
were taken into account.

While the results are not definitive, the available data does suggest a potentially
important role for physical activity to improve the lipid and (apo)lipoprotein profiles,
including the HDL-C subfraction, in the SCI population. Considering that:

I) a general consensus exists with regard to the finding of depressed levels of HDL-C in
SCI,

II) there exists an inverse association between [HDL-C] and risk of CAD/CHD (see
reviews in Bauman et al. 1999; Bauman et al. 1992; Berg et al. 1994; Bostom et al.
1991, Cardus et al. 1992b; Durstine and Haskell 1994; Hardman 1996; Hartung 1995,
Sagiv and Goldbourt 1994; Washburn and Figoni 1999), and

III) HDL-C levels are responsive to physical activity (see reviews in Berg et al. 1994,
Durstine and Haskell 1994; Hardman 1996; Hartung 1995; Sagiv and Goldbourt
1994),

exercise prescription may offer an antidote to the hypothesized heightened CVD risk of
this cohort.
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of the hip did not reveal evidence of bone mass loss until after the first year post-injury,
and following that, the decline was gradual with the lowest bone mass at 19 years
following injury, regardless of age or level of injury. The authors also found that bone loss
in the femoral region occurred most dramatically in young men. Considering the variation
in results, it is fair to state that at present, the temporal pattern of skeletal changes in
chronic SCI is not known definitively.

Quantification of post-SCI bone loss with dual photon absorptiometry (DPA) has
shown a range of values that appear to be bone-specific. Biering-Sorensen et al. (1988,
1990) reported that new steady-state levels for bone mineral content (BMC) of the
proximal tibia and femoral neck were 40-50% and 60-75% respectively of normal values
in cross-sectional and longitudinal studies. Garland et al. (1992) reported that the bone
mineral density (BMD) of the distal femur stabilized at 63% of the baseline (control) value
in chronic SCI. Using DEXA measures, Geusens et al. (1992) noted a similar trend with a
30 % loss of BMD in the legs compared to a 15% loss of BMD in the femoral neck of
males with chronic paraplegia. Although not steady-state values (ie. results were pooled
from subjects 1 month to 34 years post-injury), Szollar et al. (1997a; 1997b) reported that
BMD of the proximal femur in SCI persons (aged 20-59) was between 82-84% of able-
bodied age-matched controls. The total body loss of BMC and BMD in chronic
paraplegia, as assessed by DEXA, is suggested to approximate 12% (Geusens et al. 1992,
Jones et al. 1998). In the latter reference (Jones et al. 1998), it should be noted that three
of five subjects were less than 2 years post-injury, and thus, may not yet have attained a

new osteo-equilibrium.
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While there is no disputing that the pathological consequence of a SCI on bone
metabolism is osteoporosis, the underlying etiology is not as clear. It is suggested that
generic terms such as disuse or immobilization osteoporosis, which traditionally emphasize
the lack of biomechanical stress in paralysis, do not reflect the multifactorial nature of the
condition (Chantraine et al. 1979a; Garland et al. 1992; Uebelhart et al. 1995). Significant
differences in the chronology and intensity of the bone metabolic changes between
osteoporosis resulting from a SCI and experimental disuse osteoporosis (Bergmann et al.
1977-1978; Chantraine et al. 1979a; Chantraine et al. 1986, see review in Goemaere et al.
1994; Pietschmann et al. 1992; Uebelhart et al. 1995; Van Quwenaller et al. 1989),
support the theory that other factors are involved. The current thinking is that SCI-
induced osteoporosis is caused by a loss of normal biomechanical stress associated with
some degree of neurovascular changes, the latter due to altered autonomic nervous system
(ANS) activity (see review in Kocina 1992; Saltzstein et al. 1992; Uebelhart et al. 1995).
The neurovascular changes are explained as follows: the ANS lesion (including
sympathectomy) induces vasomotor paralysis which slows intraosseous circulation and
causes venous stasis and tissue acidosis (Chantraine 1978-1979; Chantraine et al. 1979b).
Concurrently, the opening of arteriovenous shunts increases venous pressure and
therefore, intramedullary pressure (Bergmann et al. 1977-1978; Chantraine 1978-1979;
Chantraine et al. 1979b). These circulatory modifications have metabolic consequences
where bone tissue is one of the primary targets (Uebelhart et al. 1995). The altered
environment induces a cellular reaction which manifests itself as an imbalance between

osteoclastic and osteoblastic activity (Chantraine 1978-1979).
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bearing on the long bones (Biering-Sorensen et al. 1988).

Results that are contradictory to those above have been reported by Demirel et al.
(1998) and Goemaere et al. (1994). Demirel et al. (1998) found a significantly higher
BMD in those SCI persons with spasticity when compared with flaccid patients. This
suggests that muscle activation may be protective against BMD loss. The latter reported
that passive weight-bearing standing with a device (long leg braces, standing frame or
standing wheelchair) during the first year post-injury, significantly preserved BMD at the
femoral shaft in persons with complete SCI. Interestingly, the authors also found that
BMD was not preserved at the proximal femur in the same subjects. This is in agreement
with the work of Kunkel et al. (1993) (reviewed above), who reported no change in BMD
of the femoral neck following 5-6 months of standing frame “standing”. Goemaere et al.
(1994) concluded that passive mechanical loading can have a beneficial effect on the
preservation of bone mass in osteoporosis-prone paraplegics. To account for the site-
specific effect of weight bearing, two theories have been suggested (see review in
Goemaere et al. 1994): I) possibly, the transmission of force through trabecular and
cortical bone differs, so that the minimum effective strain for initiating bone remodelling is
reached more rapidly in cortical bone; and II) perhaps there exists different strain
thresholds to control bone modelling and remodelling.

Support for post-SCI mobilization also stems from the work of Kaplan et al.
(1978) who found that ambulation, especially when initiated early post injury (ie. <3
months), significantly decreased hypercalciuria and modified the calcium balance in a

positive direction. Unfortunately, no description of the type or duration of ambulation was
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Summary

In a recent review of neurorehabilitation approaches (BWS, functional electrical
stimulation (FES), and pharmacological), Barbeau et al. (1998) found that oﬁly BWS-
assisted locomotor training had a greater effect on locomotor recovery than conventional
or locomotor training alone in neurological populations. The effectiveness of BWSTT is
suggested here to reflect the compatibility between the neuronal organization of
locomotion in humans (including those with SCI), and the patterns of sensory stimuli
(“afferent experience”) generated with this form of training. In persons with SCI, the
profound loss of descending excitatory pathways from the brainstem makes it difficult to
voluntarily excite the proportion of each of the motoneuron pools required for stepping.
This renders the lumbosacral CPGs inactive, although the CPGs retain the ability to
interpret the sensory information associated with locomotion. When the CPGs are exposed
to recognizable sensory information associated with locomotion (as in BWSTT), they can
respond with patterned, basic locomotor synergy in which each muscle displays its own
characteristics during the stepping cycle (see review in Dimitrijevic et al. 1998).

By providing an appropriate degree of unloading, the BWS apparatus generates
the conditions in which the person with SCI may experience appropriate, recognizable
afferent feedback during assisted ambulation. As is the case for chronic spinal cats, the
specific manner of loading and the control of other sources of sensory inflow are crucial to
the success of weight-bearing stepping (see review in Harkema et al. 1997). The moving
treadmill for instance, encourages hip extension which is an afferent trigger to initiate the

swing phase of gait (Calancie et al. 1994; Dobkin et al. 1995, see review in Pearson et al.

29



1998, Visintin and Barbeau 1989; Wemig et al. 1992). With BWSTT, the three
components of gait (weight bearing, balance and stepping) can be retrained simultaneously
under dynamic conditions (Visintin and Barbeau 1989). The unloading of body weight also
enables gait retraining to be initiated soon after SCI at a time when patients lack balance
and lower extremity strength, and when there is the most plasticity and potential to
influence the recovery of mobility (Barbeau et al. 1998).

In persons with SCI, the recovery of locomotion with BWSTT is influenced by
several factors. The cause, extent, and location of the central nervous system (CNS)
lesion, as well as the chronicity of the injury can have an impact on the locomotor
potential and on the degree of plasticity or adaptability within the neuromuscular system
(Barbeau et al. 1998). The extent of the injury can be described with the ASIA Impairment

Scale (see below), a modification of the Frankel Classification (Yarkony et al. 1997).

ASIA Definition
A complete No sensory or motor function is preserved in the sacral segments S4-S5
B incomplete | Sensory but not motor function is preserved below the neurologic level and

cxtends through the sacral segments S4-S5

C incomplete | Motor function is preserved below the neurologic level, and the majority of key
muscles below the neurologic level have a muscle grade <3

D incomplete | Motor function is preserved below the neurologic level, and the majority of key
muscles below the neurologic level have a muscle grade > or cqual to 3

E normal Sensory and motor function is normal

Table 1: The American Spinal Injury Association Impairment Scale (Yarkony ¢t al. 1997)

It has been demonstrated that the ASIA A (complete) designation is associated with a

poorer prognosis for locomotor recovery than the ASIA B, C, and D (incomplete)
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1992). As ambulatory capacity improves, the ability to stress the cardiovascular and
musculoskeletal systems will also improve. It is hypothesized that the exercise and weight
bearing stimuli of a 3 month BWSTT program will be sufficient to affect risk factors for

CVD (specifically blood lipid profiles) and the osteoporotic process.

Hypotheses

Three months (36 sessions) of BWSTT in persons with chronic, incomplete SCI will result
in:

Dimproved ambulatory capacity
a)decreased BWS requirements
b)decreased assistance from the trainers
c)increased endurance on the treadmill
d)increase in maximum tolerable treadmill velocity
e)decrease in inappropriate muscle tone (ie. spasticity)

IDimprovements in the blood lipid/lipoprotein profile; specifically
a)increased plasma [HDL-C]

III)modification of bone metabolism
a)increase in bone turnover as evidenced by biochemical markers of osteoclastic

and osteoblastic activity
b)increase in BMD of weight bearing bones (likely limited by the length of the

training period)
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deoxypyridinoline. Osteocalcin or BGP (bone gla protein) is found exclusively in bone
tissue and dentine (Garnero and Delmas 1998). It is an extrahepatic, vitamin K-dependent
protein with a molecular weight of 5800 u that is produced by osteoblasts (NovoCalcin
assay kit). The in vivo function of osteocalcin in bone metabolism has not been established
(Delmas 1993; Kent 1997, NovoCalcin assay kit). Comparisons of the serum osteocalcin
level with iliac crest histomorphology and calcium kinetics data have shown that, in most
conditions, serum osteocalcin is a valid marker of bone turnover when resorption and
formation are coupled and is a specific marker of bone formation when formation and
resorption are uncoupled (see review in Garnero and Delmas 1998).

Pyridinium crosslinks (pyridinoline and deoxypyridinoline) provide rigidity and
strength to the mature type I collagen in bone matrix (Pyrilinks-D assay kit). During
osteoclast mediated bone resorption, pyridinium crosslinks are released from the bone
matrix (Delmas 1993; Khosla and Kleerekoper). Of the two nonreducible markers,
deoxypyridinoline has greater specificity (for the resorption of bone) because it is found in
appreciable quantities only in bone collagen (Delmas 1993; Kent 1997; Khosla and
Kleerekoper). This is compared with pyridinoline which is also present to some extent in
type II collagen of cartilage and other connective tissues (Khosla and Kleerekoper).
Following its release into the circulation, deoxypyridinoline is excreted unmetabolized in
urine (Delmas 1993; Pyrilinks-D assay kit).

Concentrations of osteocalcin and deoxypyridinoline were measured with
NovoCalcin and Pyrilinks-D kits from Metra Biosystems. For the former, a small sample

of blood, separate from that used for the lipid assessment, was obtained via venipuncture.
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The perineal straps connected anteriorly with the abdominal belt and posteriorly with the
gluteal belt. The gluteal belt was connected to the abdominal belt anteriorly with buckles
and posteriorly with Velcro straps. All components of the harness were adjustable, thus
ensuring a tight and “comfortable” fit for the subjects. Two additional straps, originating
on the left and right sides of the harness, ascended across the shoulders of the subject to
link the harness with the suspensory system above.

BWS was provided with adjustable weight stacks mounted bilaterally on the
treadmill. Cables ran from the weight stacks, through pulley systems above the treadmill,
and were fastened onto the straps of the harness. Theoretically, the BWS provided
through the harness was equivalent to the sum of the settings on the two weight stacks.
The support was adjustable in increments of 8kg (4kg per stack). A maximum of 80 kg
could be supported using the weight stacks. Previous experience with the BWS treadmill
had revealed that there were unexplainable inconsistencies between the supposed BWS
provided by the stacks and the actual BWS as determined by placing a scale beneath the
subject. Discrepancies were also evident in this study and a consistent relationship
between the two values could not be identified. Thus, in this study, the acfual amount of
weight that a subject was supporting through the legs at a given level of BWS was
determined by placing an electronic scale on the surface of the treadmill. It is these scale
values that were used in the calculations of %BWS.

As a precaution, the harness was also connected to two additional overhead cables
that were capable of suspending all of the subject’s weight. During normal treadmill

training these safety ropes were slack and did not ‘remove’ any of the subject’s body
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value for subjects with incomplete SCI (Dietz et al. 1994, Wernig and Muller 1992,
Wernig et al. 1995), the investigators in this study established a target range of 25-50%
BWS for the first training session. A target range of BWS was used (instead of a fixed
value for all subjects) to accommodate the heterogeneous subject pool in this trial. A
previous study that showed that BWS of 40% elicited a more biomechanically appropriate
gait cycle in chronic, incomplete SCI subjects when compared with full weight bearing
(Visintin and Barbeau 1989), also influenced the target range of BWS proposed for this
trial. Based on the target range, subjects were provided with a minimum of 25% BWS to
begin the first training session even if they were able to remain vertical on the treadmill
with less BWS. If however, subjects required greater than 50% BWS in order to stand, the
upper limit of the target range was ignored and support was provided as necessary to
allow training to proceed.

The target range proved too narrow, and the amount of BWS that was provided at
the beginning of the training program (i.e. session 1) varied from 22% to 69% depending
on the subject. The range of values can be partially ascribed to inter-subject differences in
pre-training motor capabilities. The upper limit of the target range was exceeded in two
subjects (IV and V) in order to prevent uncontrollable buckling at the knee and hip joints
during stance.

As the subjects progressed with the treadmill training, BWS was adjusted regularly
based on the following general principle: the minimum amount of BWS that allows the
subject to stand upright on the treadmill without buckling at the knees or hips (with arms

removed from the support bars) will be provided. Other factors that influenced the amount
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of BWS provided were lower extremity pain, fatigue, lack of progress, and regressive
changes in the gait cycle; BWS was increased in all four situations. When a subject
experienced unaccustomed musculoskeletal pain, weakness, or arthralgia in the lower
limbs, BWS was temporarily increased to reduce the strain. When independent stepping
was not forthcoming, BWS was also increased with the hope that reducing the weight on
the lower limbs would facilitate voluntary movement.

Manual assistance with the locomotor pattern was provided as needed by trainers
during BWSTT. The trainers were all MSc. candidates in the department of Human
Biodynamics at McMaster University. There was a team of 3 regular trainers and 2
substitutes. All were educated of the desired gait pattern and were comfortable dealing
with clonus, hypertonia (spasticity), and weakness in the lower limbs. Three trainers were
present and provided assistance at the initial training sessions. As the subjects weaned off
the assistance, the number of trainers was reduced accordingly. The trainers provided help
with the gait cycle of the legs (lifting -+/- directional guidance +/- support during stance),
pelvic rotation, weight transfer, stabilization of the upper body, balance, and the timing of
the arm swing. Subjects were continuously encouraged to do as much work on their own,
and to not rely on the assistance of the trainers. A mirror was positioned directly in front
of the treadmill to encourage subjects to look forward as opposed to down at their feet
while ‘ambulating’. As an aside, the term ambulation is used in this document to refer to
the gait pattern that results from the combined efforts of the subject, the trainers, and the
weight stacks; it is not synonymous with walking, which is used herein to describe

completely independent gait (i.e. without external help from trainers and without BWS).
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Treadmill velocity was gradually increased within and across sessions to the
maximum value that would sustain a coordinated gait cycle, either unassisted or assisted.
The dynamics of this progression were subject-specific. In the training portion of this
study, treadmill velocity was deemed to be more important than independent stepping, and
for some subjects, the latter was sacrificed in order to increase the velocity. This hierarchy
was established in an attempt to attain a training stimulus that was sufficient to exact
changes in lipid/lipoprotein metabolism. Although independent stepping (which in some
cases was only forthcoming at very slow velocities) was sometimes sacrificed for higher
velocity, the subjects’ contributions to the ambulatory effort were never compromised. In
addition, velocity never took priority over smooth, coordinated ambulation. Recall that it
is the latter outcome that generates the recognizable afferent signals that are thought to
underlie the success of BWSTT. Despite the focus on high velocity training, some slow
velocity intervals were included in the training program of each subject. The slower
velocity gave the subjects more time to make corrections in their gait cycle based on the
afferent feedback they were receiving, and allowed greater independence in ambulation.
These intervals also gave the trainers the opportunity to accurately assess each subject’s
contribution to the ambulatory effort.

At the end of each training interval while the subject was still standing, heart rate
and brachial blood pressure were measured with an automatic blood pressure cuff. Blood
pressure was monitored out of concern for autonomic dysreflexia and postural
hypotension. Heart rate was recorded for interest sake as an indicator of exercise intensity

(in those subjects with residual functional sympathetic cardiac innervation). Statistics were
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not performed on either variable. During the rest intervals, subjects were seated and
provided with water and/or Gatorade.

Overground walking was substituted for treadmill training when subjects no longer
required BWS and manual assistance from the trainers. To progress to overground
walking, subjects must also have demonstrated adequate balance during treadmill sessions.
Overground walking sessions took place on a 400m track. Distances and times were

recorded and speed was subsequently calculated.

Statistical Analysis
Using Statistica, dependent samples (correlated samples) t-tests were performed

on the pre- and post-training values of all outcome variables. Significance was set at

p<0.05.
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BWS) walking on the treadmill. Subjects I & II could walk freely for the majority of the
session, while subject III was successful only at low velocities (0.5 km/hr) and for a

maximum of three minutes.

Overground Walking

Overground walking was substituted for some of the treadmill walking sessions in
the training program of one subject (I) beginning at the tenth week. The walking was
performed without any manual assistance from the trainers. Initially, a cane was used for
balance, but this aid was gradually withdrawn and the subject was able to complete a full
lap of the 400m track without the cane at the beginning of the 11th week. Although the
time spent walking per session was not compromised with the integration of overground
training into the protocol, velocity and thus distance were slightly reduced. The
overground gait profile of the subject was qualitatively very similar to that observed

during treadmill training.

Other qualitative changes in the ambulatory patterns that were observed by the
trainers are summarized in Table 5. Also included in the table are the subject’s self-

reported daily living changes that were noted during the training period.
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Figure 1. Serum osteocalcin
concentration before and after 12 weeks
of BWSTT. Values are means + SD.
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Figure 2. Urinary deoxypyridinoline
concentration before and after 12 weeks
of BWSTT. Values are means + SD. *
Significantly different from values before
training (p < 0.05).
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Figure 6. Ambulatory progress across 12
weeks of BWSTT - subject 2.
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research. Perhaps the major weakness is the lack of a consistent definition of weight
bearing activity. Ambulation (Kaplan et al. 1978), a “mobility index” (Saltzstein et al.
1992), and the use of long leg braces, a tilt table, a standing frame, and a standing
wheelchair (Biering-Sorensen et al. 1988; Goemaere et al. 1994; Kaplan et al. 1981,
Kunkel et al. 1993) have all been used to identify those subjects exposed to weight bearing
activity. Studies have also failed to quantify the amount of weight bearing training that
subjects experienced. Inconsistent results have also been reported on the relationship
between spasticity and BMC (and BMD); one group found that SCI persons with
spasticity had significantly higher BMD than flaccid patients (Demirel et al. 1998), while
others have found that spasticity has no effect on BMC (Biering-Sorensen 1988; Wilmet et
al. 1995). Thus, although it has been suggested that the role of mechanical factors in
preserving BMD is likely minimal when the neurovascular system is altered (Garland et al.
1992; Van Ouwenaller et al. 1989), the hypothesis has not been adequately addressed.

More consistent results have been reported in studies correlating exercise and
lipid/lipoprotein parameters in persons with SCI. The available data suggests a potentially
important role for physical activity in improving the lipid/lipoprotein profiles (including
increased [HDL-C]) in this population (Brenes et al. 1986; Dallmeijer et al. 1997,
Dallmeijer et al. 1999; Dearwater et al. 1986, Hooker and Wells 1989; LaPorte et al.
1983). HDL-C concentration is frequently selected as a dependent variable in these
studies. The reasons for this selection are likely four-fold:

I) HDL-C levels have consistently been shown to be lower in the SCI population as
compared with able-bodied controls (see reviews in Bauman et al. 1999; Washburmn and

Figoni 1999),
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II) in the dysmetabolic schema proposed by Washburn and Figoni (1999) for SCI persons,
[HDL-C] is the terminal marker in the cascade of deleterious changes that occur;

11]) in able-bodied persons, exercise has been identified as an important determinant of
[HDL-C] (see reviews in Berg et al. 1994; Durstine and Haskell 1994; Hardman 1996;
Hartung 1995, National Cholesterol Education Program 1993; Sagiv and Goldbourt
1994); and

IV) there is an inverse association between [HDL-C] and the risk of CAD/CHD (see
reviews in Berg et al. 1994; Durstine and Haskell 1994; Hardman 1996; Hartung 1995,
National Cholesterol Education Program 1993; Sagiv and Goldbourt 1994).

As with the weight bearing-BMD research, there is a lack of uniformity in the indices of
physical activity and physical fitness between studies. Consequently, there is no consensus

on the mode, frequency, intensity or duration of activity that is required to manifest

changes in lipid and carbohydrate metabolism in persons with SCI.

Rationale for this Study

Although BWSTT has been used in the research domain as a tool to improve
ambulation after SCI for over 10 years, no study to date has investigated the secondary
effect of this protocol on BMD or lipid and glucose metabolism. Simply described, the
BWS apparatus consists of a tight fitting harness that is connected through a suspension
system above the treadmill to a series of adjustable weight stacks. The suspension system
allows “unloading” of subjects on the treadmill. Consequently, SCI persons who are
incapable of supporting 100% of their body weight are able to stand upright. This provides
the framework in which SCI persons can be (re)exposed to the afferent input associated
with walking. Depending on the residual motor capabilities of the SCI subject, ambulation

is accomplished with or without external assistance to the legs and pelvis. In theory, the
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flux of afferent signals to the locomotor CPG in the spinal cord mobilizes latent motor
patterns. The efferent signals manifest themselves in appropriate but unrefined EMG
patterns that have been recorded in the leg muscles of SCI subjects during BWSTT (Dietz
1995; Dietz et al. 1994; Dietz et al. 1995; Dietz et al. 1998; Dobkin et al. 1992; Dobkin et
al. 1995; Harkema et al. 1997). As described elsewhere (Barbeau et al. 1993 - paretic SCI
subjects; Barbeau et al. 1998; Barbeau and Rossignol 1994; Barbeau et al. 1987 - paretic
SCI patients; Dietz et al. 1997; Finch and Barbeau 1986 - hemiplegic patients; Finch et al.
1991; Gardner et al. 1998 - SCI subject; Hassid et al. 1997 - hemiparetic stroke patients;
Hesse et al. 1995 - hemiparetic stroke patients; Hesse et al. 1994 - hemiparetic stroke
patients; Hesse et al. 1997 - hemiparetic stroke patients, Norman et al. 1995; Pillar et al.
1991 - stroke patients; Visintin and Barbeau 1994 - paretic SCI subjects; Visintin and
Barbeau 1989 - paretic SCI subjects; Visintin et al. 1998 - stroke patients; Visintin et al.
1988 - hemiplegic patient; Wainberg and Barbeau 1985 - paraparetic patients), the
advantages of this approach to gait retraining are manifold. The advantages however, are
not limited to gait ren.'aining..-We hypothesized that the depressed BMD in sublesional
bone and the disordered metabolic profiles that characterize SCI would be responsive to
an extended program of BWSTT. The rationale is as follows:

It has been shown that the provision of BWS delays the onset of fatigue in
ambulation training and allows for longer exercise intervals compared with other
locomotor rehabilitation modalities (Visintin and Barbeau 1994). Although this finding has
been challenged (Visintin et al. 1998), we subscribe to the former theory and believe that

the longer training intervals in BWSTT provide a greater cumulative stimulus for the
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cardiovascular system. Ambulation training with BWS also offers the potential to activate
the (formerly) large muscle mass of the legs, though this capability is likely limited to
subjects with ASIA C and D classifications. In principle, the benefits of this are twofold:

I) if recruitment of the leg musculature is significant, exercise with the large muscle mass
is likely to a yield an effective aerobic challenge (Glaser et al. 1996); and

II) it is argued by some that the skeleton is most responsive to the mechanical loading (and
bone strain) that results from muscle contractions (Frost 2000; Frost 1997); others have
argued that the skeleton is most responsive to the combination of gravitational and
muscular forces (Henderson et al. 1998; Rutherford 1990). Either way, the mechanical
loads generated by muscle contractions are a key contributor to preservation of bone (if
the bone strain is below the modelling threshold), and to bone anabolism (if the strain is
above the modelling threshold) (Frost 2000; Frost 1997).

With respect to bone metabolism, there is a general consensus that the magnitude
and rate of bone strain are more important in stimulating anabolic activity than the number
of strain cycles or the duration of exposure to the strain (see reviews in Chilibeck et al.
1995; Frost 1997; Henderson et al. 1998). Although the mechanical load, which is a
primary determinant of bone strain (Frost 1997), is initially reduced in BWSTT, this is
done out of necessity (ie. to allow verticality). The expectation is that with a program of
BWSTT, progress will be made over time and subjects will support increasing percentages
of body weight. In turn, the load on bone due to both muscular contractions and gravity
will increase (as will bone strain magnitude), ideally to a level that is sufficient to exact
positive changes in bone metabolism.

Because of the stability and security that the harness provides, SCI subjects are
less likely to rely on the upper extremities to bear weight (compare with parallel bar

training). Thus, progress with weight bearing can be confidently attributed to the legs. The
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stability that the harness provides also allows subjects to focus their attention on the
ambulatory pattern; this should enhance locomotor gains. Finally, it should be noted that
when compared with long leg braces (Biering-Sorensen et al. 1988), BWSTT allows
weight to be borne in a biomechanically appropriate manner.

An inherent advantage of the BWSTT approach is that it allows a fairly accurate
quantification of the exercise stimulus. The protocol identifies the weight that is borne by
the subject’s legs during stance (although the counterbalance weight stacks may not
always tell the truth), and the duration of the training sessions. Treadmill velocity can be
used as a gauge of exercise intensity although the intensity is probably more dependent
upon the ability of the subject to contribute to the ambulation outcome. Unfortunately,
quantifying the relative contributions of the trainers and the subject to ambulation is
subjective, unless the ambulation is independent. Nevertheless, the information drawn
from BWSTT facilitates interstudy comparisons and it is envisioned that this information
will be used in the development of exercise and weight bearing guidelines for the SCI
population.

Based on these premises, we designed a pilot study with the following goals:

I)to determine the effect of a 3 month BWSTT program on

a)bone metabolism,

b)lipid/lipoprotein profiles, and

c)ambulatory recovery in a diverse cohort of chronic (> 1 year) SCI persons, and

ID)to assess the feasibility of this form of rehabilitation for future larger scale
investigations.

Inclusion/exclusion criteria for the study restricted participation to those subjects classified

as incompletes (ASIA B or higher). This was based on previous reports of limited success
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time has a component of both bone formation and resorption. Consequently, osteocalcin is
suggested to be a more appropriate marker of bone turnover rather than a specific marker
of bone formation (Khosla and Kleerekoper). This argument is countered with
considerable experimental evidence (eg. by using vitamin K antagonists) that indicates that
the osteocalcin found in the circulation is derived from newly synthesized osteocalcin
rather than from that released during bone resorption (see review in Kent 1997). It is
thought that the release of many proteolytic enzymes during osteoclast-mediated bone
resorption precludes the release of intact osteocalcin into the circulation (Kent 1997).
Further, the antibody used in the NovoCalcin assay is believed to be conformationally
dependent and as such, it should recognize only intact osteocalcin and not fragments from
resorbed bone tissue (NovoCalcin assay kit). Therefore, the levels of serum osteocalcin
recorded in this study are likely attributable to osteoblastic activity.

To correct for variations in urine concentration, values of deoxypyridinoline were
expressed per mmol creatinine. There exists a possibility that this correction may have
introduced a confounding factor. Khosla and Kleerekoper indicate that alterations in
muscle mass, which cannot be excluded considering the training protocol in this study, can
produce artifactual changes in urinary markers that are normalized to creatinine.

To account for the circadian rhythms of osteocalcin and deoxypyridinoline, post-
training samples of urine and blood were collected at approximately the same time of the
day as the baseline samples in all subjects (note: this time did vary between subjects - see
methods). Although this was thought to obviate any effects of diurnal flux (Pyrilinks-D

assay kit), it has been reported that for urine-based markers, the best methodology is to
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IV)acute effects - Because the post-training lipid/lipoprotein analysis was
performed within 48 hours of the final training session, there is a possibility that a chronic
change in lipid metabolism was veiled with the residual effects of the last training session.
Review articles (able-bodied subjects) have concluded that a single bout of exercise has
the potential to induce short-term, transient changes in plasma lipid and lipoprotein
concentrations, and that the duration, intensity, and total volume of the exercise bout
influences these changes (Durstine and Haskell 1994; Pronk 1993). Although the exercise
prescription necessary to cause acute changes in [HDL-C] is not definitively known, an
earlier review of the literature (Durstine and Haskell 1994) suggests that time is likely a
factor (a period >1.5 hours), with a minimum energy expenditure of 1000 kcal. Recent
work (Crouse et al. 1995; Gordon et al. 1998, Visich et al. 1996) however, has
significantly lowered this threshold. In fact, Crouse et al. (1995) reports that a minimum
energy expenditure of 350 kcal (with exercise performed at moderate intensity - 50%
VO2max) is needed to promote favorable changes in [HDL-C] in hypercholesterolemic
men. It appears that inter-study differences in baseline training levels and HDL-C levels of
the subjects may explain some of the discrepancies within the literature.

The time of onset and the temporal decay of the acute lipid/lipoprotein response
varies widely across studies. Pronk (1993) suggests that measurement of blood lipids and
lipoproteins should only be accepted when taken following at least 48 hours abstinence
from exercise. Forty-eight hours is lobbied as the maximum time course for short-term
changes (Pronk 1993), despite the fact that greater than 50% of the studies reviewed by

Pronk (1993) found that significant differences persisted at 48 hours. The review by
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Durstine and Haskell (1994) indicates that acute changes in lipoprotein metabolism may
extend 72 hours into the post-exercise period.

It should be noted that the acute response to exercise in able-bodied men is
reported to consist primarily of an increase in [HDL-C] and a decrease in [TG] (Pronk
1993). Neither of these trends were consistently observed in the post-training samples
(b/w 24-48 hrs post-exercise) of our SCI subjects. Thus, although a different population
was involved in this study, it appears as though this potential confounder can be ruled out;

V)intra-individual variation - Beyond the analytical error (III), it has been shown
that there is considerable intra-individual biologic variation in daily and monthly measures
of blood lipids and lipoproteins in able-bodied persons (Nazir et al. 1999; see review in
Pronk 1993),

VI)alcohol - Alcohol consumption has the potential to interact with blood
lipid/lipoprotein profiles (Marrugat et al. 1996; Pronk 1993), and this confounder was not
controlled for;

VI)menstruation and oral contraceptives. Females present additional variables
that have the potential to interact with the lipid/lipoprotein profile. These factors, which
include the stage of the menstrual cycle and the use of oral contraceptives, should be
considered when interpreting results (see reviews in Durstine and Haskell 1994; Pronk
1993). No attempt was made to control for these factors in this study;

VIID)baseline values within the normal’desirable range - Based on standards
advocated by the Heart and Stroke Foundation of Canada (1997) and the National

Cholesterol Education Program (associated with National Institutes of Health - USA)
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(1993), all subjects in this study had pre-training TG, TC, HDL-C and LDL-C values that
were normal/desirable for their age. This is of significance because a meta-analysis has
shown that in able-bodied persons, the modifiability of lipid/lipoprotein profiles with
exercise is directly related to the extent of baseline dyslipidemia (ie. subjects with higher
initial levels show greater decreases) (Matson et al. 1993). Therefore, the normal pre-
training lipid/lipoprotein profiles of the subjects may have limited any potential benefits
that BWSTT has with respect to modifying lipid metabolism.

The fact that the SCI subjects in this study all had normal pre-BWSTT
lipid/lipoprotein profiles is surprising given the general consensus (see reviews in Bauman
et al. 1999; Washburn and Figoni 1999) that dyslipidemia (specifically lower [HDL-C]) is
common in this population. Perhaps this is an example of a sampling bias, where active
and health conscious persons with SCI self-selected themselves for this study. Prior to
engaging in the BWSTT program, 4 of the 5 subjects were exercising or attending
physiotherapy two or more times per week. The only subject not involved in formal
physiotherapy was subject I, who was able to ambulate with a cane.

IX)plasma volume changes - When the concentrations of plasma lipids and
lipoproteins are measured over time, a change in blood volume as a direct result of a
change in plasma volume will result in artificial inverse changes in the levels of the
measured lipid parameters (Pronk 1993). A change in plasma volume may be acute and
transient, as when following a bout of exercise (Crouse et al. 1995; see review in Durstine
and Haskell 1994; Krum et al. 1991, see review in Pronk 1993; Visich et al. 1996), or it

may represent a chronic adaptation to habitual aerobic exercise (McArdle et al. 1994,
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although not to the same extent as seen with exercise intensity. Despite the limitations,
some general guidelines for energy expenditure (training volume) have been formulated
from the research in this area:

An older review of the literature indicates that an additional weekly energy
expenditure of >1000 kcal is the threshold for effecting plasma lipid and lipoprotein
changes (Haskell 1984). Although this value is still supported as the approximate
threshold for bringing about changes in lipids/lipoproteins (see reviews in Berg et al. 1994
- 1000 kcal/wk; Durstine and Haskell 1994 - 1000-1200 kcal/wk; Kokkinos and Fernhall
1999 - 1200-1600 kcal/wk), it is also suggested that a supplementary metabolic output of
1500-2000 kcal/week is necessary to actuate changes that are medically preventative; i.e.
changes that reduce the incidence of CHD and prolong life expectancy (see review in Berg
et al. 1994). Of significance for those SCI persons who are less mobile and less active, is
the proposal that the level of energy expenditure necessary to cause changes in
lipids/lipoproteins may be less in bed-rested patients (see review in Durstine and Haskell
1994). Perhaps even more important for the SCI cohort is the evidence (detailed above)
from able-bodied studies that shows that low-to-moderate intensity exercise has the
potential in some circumstances (perhaps if total energy expenditure is sufficient), to exert
a measurable level of benefit on a negative risk factor for CAD (ie. [HDL-C]). Consider
that subsequent to a SCI, there is usually a reduced capacity to exercise at high intensities.
This is partly because of interrupted motor pathways and partly because of diminished
sympathetic nervous system outflow (Glaser et al. 1996). Thus, low to moderate intensity

exercise is often the only option in this population.
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Whether the findings from able-bodied research are even applicable to the SCI
population is not known. The sole longitudinal study to investigate the effects of exercise
intensity on lipoprotein levels in SCI persons found that 8 weeks (3 sessions/week; 20
minutes/session) of moderate intensity (70-80% maximal HR reserve) wheelchair
ergometry training was sufficient to elicit a significant increase in [HDL-C] and significant
reductions in [TG], [LDL-C] and the [TC]/[HDL-C] ratio (Hooker and Wells 1989).
Blood lipid/lipoprotein levels remained unaltered in the low intensity (50-60% maximal
HR reserve) group. Although the authors of this study suggested that 70-80% of maximal
HR reserve was moderate intensity exercise, other classification systems (Wilmore and
Costill 1994b) consider this intensity (specifically the 75-80% range) to be heavy. In
addition, the 50-60% maximal HR reserve exercise bracket that is classified by Hooker
and Wells (1989) as low intensity falls into the moderate range in the classification from
Wilmore and Costill (1994b). Thus, one needs to be wary when interpreting the results of
the Hooker and Wells (1989) study.

In summary, there is insufficient evidence to identify the exercise parameters that
are important and/or necessary for inducing favorable changes in lipid metabolism in the
SCI population. Thus, if the BWSTT stimulus was indeed lacking, it is difficult to
determine where this protocol fell short: ie. training intensity, training frequency, training
duration, length of training program, and/or total energy expenditure. The able-bodied
research seems to suggest that low-moderate intensity exercise (like BWSTT) has the
potential to modulate lipid/lipoprotein levels, although the findings are inconsistent. It is

possible that the total energy expenditure (training volume) of the BWSTT protocol was
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inadequate. It is also possible that at 12 weeks in length, the BWSTT program was too
short. Kokkinos and Fernhall (1999) have reported that in general, training studies of > 12
weeks duration have found some favorable changes in HDL-C levels; this puts the current
study on the threshold. In comparison, Hartung (1995) suggests that aerobic training
should extend for a minimum of 6 months in trials looking at [HDL-C]. Thus, it
reasonable to suggest that the length of the training period may have been a limiting factor

for lipid/lipoprotein changes in this investigation.

Although fasting plasma glucose concentration was not a primary outcome in this
investigation, it was calculated simultaneously with the lipid/lipoprotein values by the
Cholestech analyzer, and the results will be discussed briefly. It should be noted that some
of the confounding factors that may have affected the lipid/lipoprotein profiles may also
have affected the glucose measures. Pre- to post-training there was a non-significant trend
(p=0.052) for [glucose] to be lower. Because of the increased prevalence of glucose
intolerance, insulin resistance, and diabetes mellitus in the SCI population (see reviews in
Bauman et al. 1999; Kocina 1997, Washburn and Figoni 1999), this trend is engaging and
may warrant greater attention in subsequent BWSTT studies.

Although the literature indicates that persons with SCI have an increased
susceptibility to impairments in glucose metabolism, all subjects in this study had pre-
training fasting plasma [glucose] < 5.25 mmol/L (mean +- SD = 4.82 +- 0.25). According
to the Canadian clinical practice guidelines, these values are normal (Meltzer et al. 1998).

In fact, they lie well below the range (6.1-6.9 mmol/L) that is indicative of impaired
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Raw Data and Statistics

Conversion between initials and subject #:

KL =1
DR =2
CS=3
JL=4
EB=5
Osteocalcin (ng/ml)
0 1 2
CASE NAME PRE POST
JL 10.780 12.440
KL 7.690 8.660
EB 9.490 9.260
DR 8.040 7.790
cs *4.690 5.720
STAT. T-test for Dependent Samples (new.sta)
T test Marked differences are significant at p < .05000
! std.Dv. |
Osteocalcin Mean std.pv. | N Diff. Diff. I t
PRE 8.138000 2.286213 i i
POST 8.774000 2.448669 i 5 -.636000 .844145 I -1.68471
STAT. T-test for Dependent Samples (new.sta)
T test Marked differences are significant at p < .05000
|
Osteocalcin i df P
PRE
POST 4 167328













3TAT. T-test for Dependent Samples (lipidata.sta)
3ASIC Marked differences are significant at p < .05000
3STATS
std.Dv.
Jariable Mean Std.Dv. Diff. Diff. t df
GLU_PRE 4.818000 .251336
3LU_POST 4.596000 .308107 .222000 .181714 2.731803
STAT. T-test for Dependent Samples (lipidata.sta)
3ASIC Marked differences are significant at p < .05000
5TATS
variable P
GLU_PRE
SLU_POST .052346




Ambulatory capacity - raw data.

subject 1 subject 2 subject 3 subject 4 subject 5
week  1-bws  I-distance I-maxspeed  2-bws  2-distance  2-maxspeed  3-bws  3-distance  3-max speed  4-bws  d-distance  d-maxspeed  S-bws  S-distance  S-maxspeed
| 177 254 2 11.23 238 2 39.6 1.7 13 60 0.63 0.8 426 0.88 038
2 11 413 24 1.76 132 22 36.6 253 1.6 4.6 112 1 40.9 1.07 0.9
3 65 388 22 1.76 427 22 32 2.84 1.6 36 153 1.4 40.9 1.52 0.9
4 6.5 4.06 26 1.76 4.99 27 24.1 2.06 1.6 36 1.99 L8 409 .12 1.6
5 LS 43 27 1.76 4.33 28 205 222 2 36 212 2 40.9 238 2
6 0 4.54 29 723 3.67 23 0.5 241 1.9 36 2.6 23 40.9 2.59 2.1
7 ] 4.63 3.1 $.98 3.86 26 11.8 223 2 39 329 32 40.9 2.86 21
8 0 4.8 3 4.92 4.07 2.7 1.8 221 2 N4 .1 3 443 3.02 2.5
9 0 4.63 32 4.21 a8 25 1.8 2.6 21 4.7 2.53 28 40.9 348 33
10 0 4.07 34 0 4.21 2.6 57 198 22 539 269 25 4+ 348 s
] 0 4.1 34 0 4.01 3 9.1 LN LS 53.9 2.56 25 52 3.19 31
1 0 81 4 0 42 33 0 178 1.6 517 153 2.5 60.5 3s 34












BWS Treadmill Training
Des Regehr
3 Sessknavg %
Session  Interva Speed (k) TIme(min) Time(v) Dutanceikm) BOP MR 3 Session km BWS (g} %Wt Supported wt Supported
1 . 0.1 ] 0.08333  0.00613 h v 211
b 0.5 10 0.16666 0.08333 32 2211
c 0.8 13 0.2 0.15 h 7] 2214
d 0.8 10 0.16688  O.1 “ 2 15.99
40 034168
2 ’ 0.8 12 0.2 0.16 2¢ 15.99
b 1.3 15 0.25 0.328 24 15.99
¢ 1.5 15 0.25 0.375 10858 95 15 7.78
2 0.88
3 . 1.6 10 0.16866  0.26668 16 7.76
b 1.9 15 0.25 0.47% 16 7.76
c 2 13 021668  0.43333 16 7.78
3 1.17499 238 ns
4 . 2 15 0.25 08 18 7.76
b 2 10 0.16666  0.3333 16 778
¢ 22 15 025 0.55 13278 96 16 778
40 1.38333
s . 2 15 0.2% 0.5 16 7.78
b 2 15 0.25 0.5 16 7.78
¢ 2 10 0.16668 0.3333) 13875 100 18 7.18
40 1.33333
e . 2 15 0.25 05 16 1.7
b 22 15 025 0.5 14173 (7] 16 7.78
¢ 22 15 0.25 0.55 13972 100 18 7.76
43 1.6 432 7.78
7 . 2 20 033333 066668 18 778
b 2 20 033333 0.66666 100 gadel) 18 7.76
40 133332
8 . 2 25 0.41666667 0.8333333)3 1367 9 16 7.78
d 22 15 025 0.55 13770 99 16 7.78
40 1383333333
9 . 2 15 0.25 03 16 7.76
® 2 15 0.25 05 16 7.78
c 22 1S 0.25 05 12374 9 16 7.76
43 1.58 '% 14 7.78
10 . 23 2 0.33333333  0.756666887 18 7.76
2.5 5 0.08333333  0.208333313 16 7.18
b 2.5 17 025333333  0.708333333 14043 100 18 7.78
a2 1.68333330)
11 . 2.5 20 033333333  0.8333333% 12074 103 16 7.76
0 1.9 13 0.21666667 0.411666657 16 7.78
25 5 0.08333333  0.208330113 16 7.18
27 2 0.03333333 0.09 11284 11 16 7.76
40 1.543333333
12 . 2 $ 0.0833331)  0.168556657 18 7.78
23 20 0.33333333  0.766666667 111566 94 18 1.76
b 25 20 033333333 0433333333 11864 9 1 7.78
45 1.766566667 49 178
13 . 22 40 0.66865687 1.466866667 11658 101 16 7.76
14 a 22 s 0.58333333 1263333313 18 7.76
X 10 0.16666667 0.4166665667 32m 108 16 7.78
45 1.7
15 . 13 7 0.11666667 0.151566667 16 7.18
2 [ 0.1 02 18 176
22 2 033333333 0.733333I03 16 7.78
23 2 0.03333333 0 08IXININY 11648 4 18 178
38 1.155330333 43 1.78
18 Io I:.: 7 0.11666667 0.151666667 16 7.78
18 2 0.03333333  0.05333711) 1 7.78
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To help prevent skin irritation, the investigators ask you to regularly check your skin in the
groin and buttock areas where the harness provides support. Let Rob know if you are
experiencing any discomfort or chafing. The trainers will need to adjust the harness straps
as they pass across the groin to help ensure that pressure sores do not develop in this area.

Other potential risks associated with participation in this study include:

- autonomic dysreflexia: the likelihood of this occurring can be reduced with proper
bladder and bowel management; you must immediately inform the trainers if you are
experiencing any of the symptoms of autonomic dysreflexia (i.e. headache); if you were to
experience symptoms of dysreflexia, exercise would be discontinued, you would be
removed from the harness, and your blood pressure would be monitored; if symptoms
persisted or worsened, a physician would be called

- hypotension (low blood pressure): the likelihood of this occurring during training was
reduced with the tilt-table screening procedure which excluded those individuals who
could not tolerate being upright for 12 minutes; blood pressure will be monitored
periodically during training to ensure that it does not fall too low; you must

immediately inform the trainers if you begin to feel lightheaded; if you were to experience
hypotension during training, you would be lowered to a sitting position

- skeletal fracture: due to the combination of osteoporosis and weight-bearing activity

- there is also a chance that you could fall or be injured during transfers and during
treadmill training; the likelihood of this occurring is minimal, as the investigators are all
well trained; there will always be two to three investigators present to assist with the
exercise sessions

The investigators reserve the right to remove a subject from the study based on the
following criteria:

i) pressure sore that is aggravated by treadmill training
ii) persistent illness

iii) poor tolerability of treadmill training

iv) poor attendance/compliance

v) inability to tolerate the harness

vi) Dr. Craven’s request

We advise that you wear shorts, a t-shirt and running shoes to the training sessions.

Finally, you will receive compensation for your transportation costs following successful
completion of the training program.



Important Contact Number

Rob Pineau 308-8366
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I have received a copy of this consent form (initial). A copy of this form will become
part of my health records.
Name (print) Signature Date
Witness Signature Date

I have explained the nature of the study to the individual and believe he or she has understood it.

Name Signature Date

Affiliated with the Faculty of Health Sciences, McMaster University






(Pfoaoe refer to the MRC Guidelines on Research involving Human Subjects, 1987, priar to completions of form)

A new approach to the rehabiltation of individuals with spinal cord injuty (SCI) uses bodyweight supported
treadmil! walking. Persons with SC| are outfitted with a hamess that is attached to a puily system. Consequently, they can be
raised to a standing position an the treadmill. Depending on their clinical status, bodyweight is fulty or pariially supported by u
countarbatance. The unloading of bodyweight, combined with the assistance of therapists, makes & easier ko nitfate and
modutate walking pattems in these individuais. 1t is our intention to do a pifot study ® assess the effects of three months of
bodyweight supported readmfil walking in subjects with SCI. Before and after the raming period we will avaluate blood ipid

profies, hone metabolizm, body compasition and quality of ife.

We propose to train individuats with spinal cord injuries (SCI) for three nionths using bedyweight siprorted
Feadmill walidng. The apparatus that will be usad in this trial is a ¥oodivay treadmill equipped with a harreas, pulley-System,
and counterbalancs. it Is capable of raisimg and supporting subjects above the walking surface. The amount of bocyweight
support that each iklividual receives will be adjusiad in eccordance with their clinical stafiss and progress. Pravious invesfigations
have demonstrated that bodyweight supported treadmil walking s effective in improving locomotion in individuats with 8C1,
especially those with reskiual sensory and mator function below the level of spinal cord rauma. It is weli documentad that
ndidciuats with chronie SCI are prone to poor Epid prafiles as well as muscie atrophty and osteoporosis below the lesion lavel.
This protocol will provide soms irsigitt Into the protective and ramedial effects of habtual treadmill walking on asrum lipids, bone
tumaver aid body composiion in SCl subjecis. As this is a piot shudy, we imiend fo recruit subjects that present a range in dinical
statis n order to assess the differential responss to this form of training.

Qtems 1-7 inciusivea ars not requiired by St Joseph's Hospétal if this informatfon ks In the protocol)
1) Sample size: (Indicate how the sample aize was determined) n=8: ASIA classes B, C and D will each be

represented by 2 subjects; one male and one famale. The ASIA classification scale indicates the degres of
residunal =ensory and motor function in an indvidiual with spinal cord injury.

2) Design: longitudinal (12 week training peried), piot study
3) Satting: Biomechanics Lab; lvor Wynne Center

3) Participants/Subjects: community dwelling individuals with traumatic SCI; ASIA classes B, C and D wil each
be represented by 2 subjects: one male and one female; subjects wll be greatar than 1 yser paat-njury, and

betwreen 18 and 55 years of ags

5) nsrvaions: A or pargal bodyweight supported treadmiit walking; 3AX/week; 12 weeks; the ameunt of ime
spent waldng during sach training session will depend on the progress of the subjact, but will not exceed one
hour

§) End-Point completion of 38 treadmill walkdng training sessions

7) Measuremants: blaod lipld & glucoss profile (otal cholesterol + HEL & LDL subfractions, triglycendes, and
glucose), biochamical markars of bone matabofsm (ostsocaicin & deaxypyridinaiine), body composition
(DEXA), quality of life inventory and self-salected walking spaed




2)

3)

What ara the proposed benefits to the subjects, the sclentific community andior society that would
justify asking subjects to participate? Insight into the viabiiity and efficacy of bodyweight supported Feadmil
training in chronic' SCI patients will be obtained. The protocof will determine if reguiar treadmill exercise
mproves risk factors for cardiovascular disease and f & offars any protection against cetsoporosss in this cohort.
The study will aiso determine if treadmil walking affacts the qualily of kfe raings of persons with SCL The range
m clinical status of the subjects recruited for this pilot study (ASMA ciasaes B, C and D) will help identify the
group that best responxs to thés farm of training. A further benefit may be improved ambulztion for the subjects.

l(:g:vtnt Inducement or campensation is offered to subjects?
)

{b) Wil they be reimhursed for expensaes? Yes Ix | No[]

If yos, provide detads: The only expersses the subjects are axpecied %o incur is ranspertaticn and/cr
parking. The subjects vill be ramunsrated for ihis expenss.

Comment on the risics to subjacts involved i this study: There is & possibity that subjects may experience
postural and/or exertional hypotension when thay are upright and walldng on the treadmil. To reduce the
liksghood, potential subjecis will be screened and excluded i they cannot remain verlical on a tiif table for 12
minutes. During tha fraining sessions, biood pressure will be manitored in rest periods to ensure that it does not
begin to decline. if a subject were to expsrience hypotension during training, he/she would immediatety be
kwered o g sitting position. %is also remotsly possible tiat the treadmill walldng pretocol wil trigger autonomic
gysreflexia with a subsequent rise in Hood prossure. Patients are familiar with the onset of this canditicn
however, and will be istricted to nolify the investigators ¥ they are experiencing any symptoms (eg. headachs).
Thae subjects will also ba asked to monitor their urinary and fecal movements io ensure that neither their
Hadder or ractum is cistended during the training session, as either could trigger a dysreflaxic response. if a
subject began to experience any symptoms of dysreflexia, sxercise would be discontinued and the subject
would be removed from the hamess and their blood pressure would be monitored. If symptoms persisted or
warsened, 2 physician would be called.

PLAN FOR OBTANBNG INFCRMED CONSENT:
(Fieas0 refor to msinictions for Praparation of Consent Fornm, enciosed, prior 1o compfetion of this section)

1)

2)

3)

4)

Describe how subjacts are to be recruited including use of advertisements. Potential volunteers will be
recruted through adverisements posted at the SCi rehabilitation clinke (Chedoke sds), at the focal peer support
group meeting (the Vertabraves), and at various sites at MceMastar Univarsity.

Describe the relationship batween the investigator{s) and the subjeci(s). Who will obtain consant?
There is a possit@ty hat a subject may have been or is currantly under the carg of Dr. Craven. it will be made

clear that paricpation (or lack of) in this study will It no way affect current or future cars.
Are subjects competentto consent? Yes [x ] No[ ] ¥ not, dascribe the alternate source of consent.
1t 3 minor, describe the procedure to be used. All the subjects will be above the age of consert.

What procedures will be foflowed for subjects who wish to withdraw at any point disting of afer study?

Subjects are frea-to withdraw from the study at any point. H a subject decides to withdraw, hia/her data wikt be

e~ h e = e seem. e




