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This  editorial presents some
methodological issues that should be
considered when performing physical
exercise in people with spinal cord injury
(S5CI) and raises the need for specific
knowledge to adjust the protocols and

training programs used in this population.

SCI is a paradigmatic case of a
population with special characteristics in
which there is a multisystemic alteration like
neuromuscular, cardiovascular, respiratory,
endocrine and others (Perrouin-Verbe et al.,
2021) that influences the ability to perform
physical exercise and the physiological
response to it (Hicks et al, 2011). The
development of aerobic training programs

requires accurate monitoring of exercise

lly,

intensity and knowledge of the metabolic
response in terms of energy substrates used
as a function of exercise intensity and
duration. It is therefore necessary to know
the pathophysiological characteristics of
people with SCI and their response to
exercise in order to make interventions safe

and provide, in turn, health results.

Cardiovascular impairment

People with SCI have an impaired
neural function below the level of injury, that
is, a determining factor in the heart and
peripheral vascular function (Astorino et al.,
2009). SCI above T6 has a significant
alteration due to the affectation of the
sympathetic innervation of the heart, that

plays a key role in cardiac and hemodynamic
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response during exercise because of the
decrease in heart rate (HR), blood pressure
and catecholamine release (Dela 2003). In
fact, HR and cardiac output are inversely
related to the level of injury, so a lower peak
cardiovascular response occurs with high
injury levels (Bhambani 2002). People with
tetraplegia rarely reach maximum HR of 110-
130 beats per minute (Brizuela et al., 2016).
Consequently, some authors propose to
adjust the age-predicted maximum HR to 190
- Age (Lockette et al., 1994). However, there
is great variability in the maximum HR in
each SCI person, and there is a lack of
knowledge not just about how the level, but
also how the degree of injury (complete or
incomplete) affects heart rate.

Therefore, the use of HR to determine
exercise intensity, as well as to evaluate
changes in physical fitness, does not seem to
be appropriate in SCI, especially above T6
level. Instead, the use of field-based methods
such as rate of perceived exertion and talk
test may be more accurate. (Goosey-Tolfrey
etal., 2022).

Energy metabolism and physical fitness

Studies in athletes with SCI have
observed that the pattern of energy substrate
utilization during prolonged exercise is
consistent with that of able-bodied athletes
(Bhambhani et al., 2002), where the intensity
and duration of exercise are determinant in
the relative contribution of carbohydrates
and fats; with increased intensity,
contribution of fat decreases with enhanced
reliance on carbohydrates and when exercise
duration is prolonged, and contribution of fat
increases (Romijn et al., 1993). Nevertheless,
in people with SCI it was thought that the

relative exercise intensity at which the

Martin-Manjarrés et al.

maximum rate of fat oxidation (MFO) occurs
(Fatmax) was lower than in the able-bodied
population and therefore a greater
dependence on carbohydrates was present
(Knechtle et al., 2003). This has been observed
in studies comparing SCI athletes performing
an arm cycle ergometer test with able-bodied
athletes performing a leg cycle ergometer
test, which makes the results not entirely
comparable as different muscle groups are
involved. Conversely, and despite a lower
maximum oxygen consumption (VOzmax) in
people with SCI, we found that when
comparing both groups performing the same
type of exercise, those with SCI showed
better rates of MFO, also obtained at a higher
relative exercise intensity (Martin-Manjarrés
et al., 2021). Furthermore, these differences
remain even after considering whole-body
and upper-body lean mass, cardiorespiratory
fitness and fat mass percentage (Martin-
Manjarrés et al., 2021). Therefore, there seems
to be some adaptation of metabolism
(metabolic flexibility) and muscle function
for greater efficiency in people with SCI
(Martin-Manjarrés et al., 2021).

In relation to the physical fitness, the
exercise performed with arms could reach a
VOzmax of 70% compared to treadmill exercise
(Berg et al., 1976). Considering this, the
VOzmax values of people with SCI will be
lower than those obtained in non-disabled
people. This shows that sympathetic
impairment, lower limb paralysis and
inactivity lead to a loss of physical capacity in
people with SCI (Haisma et al, 2006).
However, physical fitness is especially
associated to the lean mass of people with
SCI, with even the arm lean mass acting as a

partial mediator in the indirect relationship
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between cardiorespiratory fitness and bone
mass (Rodriguez-Gomez et al., 2019).

In this respect, and continuing with this
approach, it is necessary to determine the fat
oxidation in this population to stablish
normative values in different levels of injury
and fitness. Thus, further studies are

warranted in this field.

Neuromuscular impairment

SCI causes loss of muscle strength in all
muscle groups below the lesion and atrophy
with decreased cross-sectional area and
increased intramuscular fat (Gorgey et al.,
2007). But the involvement also affects other
aspects such as tone or muscle fiber
composition. Impaired tone can lead to the
development of spasticity in more than 65%
of cases (Skold et al., 1999) and can hinder
independence, produce pain and fatigue, but
can also be a protective factor for loss of
skeletal muscle mass due to induction of
muscle contraction (Cha et al., 2019).

Another consequence of this injury is an
increase in the proportion of type IlIx (fast)
fibers and a decrease in type I (oxidative)
fibers in the musculature below the injury
due to the lack of stimuli from denervation
and sedentary lifestyles and physical
inactivity (Grimby et al., 1976).

These muscular alterations should be
considered when programming
cardiovascular and muscle strengthening
exercises, with the aim of improving the
oxidative capacity of impaired muscle fibers
in partially affected limbs of patients with
incomplete SCI, reducing early fatigue and

improving aerobic capacity.

Multidisciplinary approach

People with SCI present characteristics
that are not present in other disabled
populations, which requires that exercise
programs include both clinical criteria and
aspects related to exercise training.

The altered response to exercise, the
decrease in active muscle groups and
therefore, in the variety of available exercises,
the lack of integrated knowledge on the part
of professionals, in addition to problems of
access to facilities and appropriate
equipment, make difficult for people with
SCI to incorporate physical exercise into their
daily lives, which in fact promotes an
increase in sedentary lifestyles in this
population. As a consequence, rates of
obesity, metabolic syndrome and
cardiovascular disease are higher in people
with SCI (Martin-Manjarrés et al., 2022).

Therefore, a multidisciplinary approach
including professionals from both the clinical
and non-clinical settings from different
disciplines is needed. in order to ensure that
people with SCI obtain the highest benefits
for their health and train in the most optimal

conditions.
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