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Therese E. Johnston, PT, PhD, Brian T. Smith, MS, Mary J. Mulcahey, OTL/R, PhD, Randal R. Betz, MD,

Richard T. Lauer, PhD
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cycling with and without electrical stimulation on cardiorespi-
ratory and vascular health in children with spinal cord injury.
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Objective: To examine the cardiorespiratory/vascular ef-
fects of cycling with and without functional electrical stimula-
tion (FES) in children with spinal cord injury (SCI).

Design: Randomized controlled trial.

Setting: Pediatric referral hospital.

Participants: Children with SCI (N=30), ages 5 to 13 years,
with injury levels from C4 to T11, and American Spinal Injury
Association grades A, B, or C.

Interventions: Children were randomly assigned to 1 of 3
groups: FES leg cycling exercise, passive leg cycling, or non-
cycling control group receiving electrical stimulation therapy.
After receiving instruction on the use of the equipment, chil-
dren exercised for 1 hour 3 times per week for 6 months at
home with parental supervision.

Main Outcome Measures: Oxygen uptake (V0,) during an
incremental arm ergometry test, resting heart rate, forced vital
capacity, and a fasting lipid profile.

Results: There were no differences (P>.05) between groups
after 6 months of exercise when comparing pre- and postval-
ues. However, there were differences between groups for some
variables when examining percent change. The FES cycling
group showed an improvement (P=.035) in Vo, (16.2%=*
25.0%) as compared with the passive cycling group (-28.7% *
29.1%). For lipid levels, the electrical stimulation—only group
showed declines (P=.032) in cholesterol levels (-17.1%=*
8.5%) as compared with the FES cycling group (4.4%=*
20.4%).

Conclusions: Cycling with FES led to gains in V0,, whereas
electrical stimulation alone led to improvements in cholesterol.
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EROBIC FITNESS IS DEFINED as the capacity to per-

form endurance activities that mainly depend on aerobic
metabolism.! One component of aerobic fitness is Vo,max
(mL/kg/min). High Vo,max values reflect good function of the
cardiorespiratory system, making it lpossible to accomplish
submaximal tasks with less fatigue.” For adults with SCI,
Vo,peak during upper-extremity ergometry is 5% to 59% less
than age- and sex- matched peers without disability during
lower-extremity exercise.” This decrease is partially caused by
decreased lean body mass that occurs post-SCI, with greater
loss with higher levels of injury and complete SCI. With less
lean tissue, there is less muscle available to participate in
exercise that would maximally stress the cardiorespiratory sys-
tem to obtain sufficient benefits.® Despite the fact that dally
energy expenditure is reduced with decreased muscle mass,* 1
out of 4 young people with SCI does not have the level of
fitness required to perform essential activities of daily living.’
These activities are compromised, in part, by an insufficient
circulatory response (decreased blood pressure and increased
resting heart rate) because of vascular atrophy, impaired
work capacity, and increased Vo,peak in response to sub-
maximal work.®

After an acute SCI, muscle atrophy occurs quickly, with

decreases in average lower-extremity muscle cross-sectional
area of up to 45% reported 6 weeks post-SCL” These values
then decrease approximately 3.2% per decade post-SCI as
compared with 1% per decade in the general male population.
In addition to impacting energy expenditure, decreased muscle
mass increases the risk of cardiovascular disease.® Other fac-
tors such as increased adiposity, hyperlipidemia, and decreased
physical activity contribute to this 1ncreased risk® and the risk
of metabolic syndrome and diabetes.*® In fact, cardiovascular
disease is now the leading cause of mortality in persons with
chronic SCI, with an earlier onset ° and increased prevalence
than in the general population.'®

List of Abbreviations

FES functional electrical stimulation
FvVC forced vital capacity

HDL high-density lipoprotein

LDL low-density lipoprotein

rpm revolutions per minute

SCI spinal cord injury

Vo, oxygen uptake

Vo,max maximum oxygen consumption

Vo,peak peak oxygen uptake
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Aerobic exercise may be used to reduce these risk factors
and improve life expectancy.!' One method, lower-extremity
FES cycling, has been proposed as an ideal means to address
long-term complications of SCI because it is an exercise that
can target the larger lower-extremity muscles.> Numerous
studies'>* have examined the effects of FES cycling on the
cardiovascular and respiratory systems of adults with SCI.
Studies involving cycling training 2 to 3 days per week for
12 to 16 weeks have shown increases in Vo,peak,'®*
cardiac output,'**® stroke volume,?® and pulmonary venti-
lation during FES cycling.'® Faghri et al*® reported that
heart rate and blood pressure during submaximal cycling
decreased, whereas stroke volume and cardiac output in-
creased, suggesting an improvement in central cardiovascu-
lar fitness. Hooker et al*> examined respiratory change after
a program of FES cycling of 24 sessions over 19 weeks,
showing improvement in Vo,peak, indicating that gains can
be obtained with a less intense program. In addition, FES
cycling has led to improved circulatory responses to isch-
emia and the reversal of cardiac atrophy in people with
tetraplegia.® These studies show that improvements in car-
diorespiratory fitness can be obtained by adults with SCI
after a program of FES cycling.

FES cycling may have an impact on the exercise capacity of
the upper body. Suggested mechanisms include improvements
in venous return and decreased blood pooling, which may then
increase the upper-body exercise capacity.®'® Both peripheral
muscular effects and central cardiovascular effects have been
reported after a program of FES cycling.?® Other reports sug-
gest that the effects of FES cycling are more peripheral; how-
ever, they acknowledge that higher power outputs may have an
impact on the cardiorespiratory system.

FVC is reduced in adults with SCI, with greater deficits with
higher injury levels.”” After a program of upper-extremity
exercise, adults with SCI showed increases in FVC and venti-
latory endurance. These changes were possibly caused by im-
provements in strength and endurance of the diaphragm, ab-
dominals, and more directly on the accessory muscles of
inspiration. The impact of lower-extremity exercise on FVC
post-SCI is not known. However, FVC has been shown to
increase in healthy children after a running program with the
theory that the activity could lead to increased strength and
endurance of the respiratory muscles and changes in the struc-
ture of the respiratory system.

Despite the focus on FES cycling with adults with SCI, this
technique has not been studied in children with SCI. For
children with SCI, cardiorespiratory deficits are contributed to
respiratory complications, which occur in up to 33% of persons
with pediatric-onset SCI?° and respiratory illness accounts for
22% of the deaths in persons with SCL>*" If FES cycling leads
to similar improvements in children with SCI as seen with
adults, the potential exists to improve cardiorespiratory health
at an early age. The purpose of this study, therefore, was to
examine the effects of leg cycling exercise both with and
without electrical stimulation to determine whether the same
cardiorespiratory changes that were reported in the adult pop-
ulation can be achieved in the pediatric population. It was
hypothesized that the FES cycling group would have the great-
est cardiorespiratory and vascular improvements.

METHODS

Subjects and Exercise Protocol

A controlled, randomized study with a pre-post within-subjects
repeated-measures design was conducted. Children were re-
cruited through a hospital-based pediatric SCI clinic. By using

Arch Phys Med Rehabil Vol 90, August 2009

CARDIORESPIRATORY EFFECTS OF CYCLING, Johnston

block randomization, children were randomly assigned to 1 of
3 groups: FES leg cycling exercise, passive leg cycling, and a
noncycling control group receiving electrical stimulation ther-
apy. The groups were balanced as to the amount of time they
received the specific therapy.

Parents and children signed an institutional review board—
approved informed consent and assent forms, respectively.
Inclusion criteria were 12 months postinjury; cervical or tho-
racic level SCI with an American Spinal Injury Association
grade A, B, or C classification (if C, nonambulatory or only able
to walk with long leg braces); age 5 to 13 years; and innervated
lower-extremity muscles. Exclusion criteria included chronic ste-
roid treatment, history of seizures, cardiac disease, ventilator
dependency, severe spasticity in the legs, lower-limb stress
fractures, lower-extremity fractures of unknown origin, uncon-
trolled autonomic dysreflexia, heterotopic ossification, and hip
dislocation. Children were also excluded if they had partici-
pated in activities involving electrical stimulation or activity-
based therapy within the past 3 months.

Children exercised at home with parental assistance for 1
hour 3 times per week for 6 months. Parents received instruc-
tion on the use of the equipment from the same investigator.
The FES cycling group cycled at a target cadence of 50rpm by
using an RT300-P FES cycle® while seated in their wheelchairs
(fig 1). The cycle provided 10 minutes of a passive warm-up,
40 minutes of FES cycling, and 10 minutes of a passive cool
down. FES to the quadriceps, hamstring, and gluteal muscles
was delivered by using the largest surface electrodes® appro-
priate for the child’s leg. Stimulation frequency was fixed at
33Hz, and pulse duration was set at 150, 200, 250, or 300us.
The current amplitude increased automatically up to a maxi-
mum of 140mA to generate sufficient force to maintain the
cadence. This maximum was decreased for the smaller children
based on individual muscle response. At higher stimulation
levels, the quadriceps and hamstring muscles were often acti-
vated simultaneously by the quadriceps and/or the hamstrings
electrodes, likely because of the small muscle size of these
children. This cocontraction would cause the cycling cadence

Fig 1. Child with paraplegia on the FES cycle.
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to decrease. The resistance cycled against started at INm and
was increased in increments of 0.14Nm once the child could
cycle for an entire session at the current resistance level. If the
children’s cycling cadence dropped below 35rpm for greater
than 30 seconds, the muscles were determined to be fatigued
and the cycle would go into the passive cool down mode.

The passive cycling group used the RT100* motorized cycle,
which passively moved the legs for the entire hour at 50 rpm
with children seated in their wheelchairs. The RT300 and
RT100 only differ in that the RT300 provides FES, whereas the
RT100 does not. Children in the electrical stimulation therapy
group used a portable, 2-channel surface stimulation unit® to
bilaterally create strong muscle contractions of the hamstrings,
quadriceps, and gluteal muscles. Each muscle was stimulated
for 20 minutes with a duty cycle of 5:15 seconds for a total of
1 hour. Subjects exercised in the supine position, working
against zero resistance. Parents were instructed to increase the
stimulation level delivered if the muscle response decreased
during the session.

For children performing either cycling exercise, adjustments
were made to accommodate each child’s size and wheelchair
configuration. For example, crank arm length was shortened to
accommodate smaller legs, and the calf support could be ma-
nipulated to prevent it from hitting the wheelchair. The cycle’s
height was raised with a custom-made wooden platform so the
children’s feet would reach the pedals. The goal was to position
the child to obtain a position of approximately 30° to 40° less
than full knee extension during the extension phase of the
revolution.

Before exercising, all children participated in lower-extrem-
ity muscle passive range of motion exercises. Children were
permitted to continue their previously established therapeutic
activities, such as standing and walking with braces, but were
not permitted to participate in nonstudy-related lower-extrem-
ity repetitive motion tasks or electrically stimulated exercise. It
was decided not to alter the prestudy exercise routine because
declines from baseline values might have occurred if these
activities were stopped.

Children were permitted to miss up to 12 sessions over the
6-month period. If a greater number of sessions were missed,
parents were instructed to add 1 extra session per week to make
up for the missed sessions. Parents logged each session per-
formed on a weekly log sheet that was sent to the investigators
on a monthly basis. In addition, telephone calls were made to
the parents every 2 weeks to receive information on how the
child was doing and if the required number of sessions was
being completed.

Data Collection

Data were collected before and after 6 months of at-home
exercise. Heart rate and Vo, (mL/kg/min) were measured dur-
ing an incremental upper-extremity ergometry test®' by using a
breath-by-breath technique with a SensorMedics VMax29 met-
abolic cart.! The measurement error for this test with children
is unknown. An upper-extremity test was chosen instead of a
lower-extremity FES cycling test because all subjects were not
trained with FES cycle. During the upper-extremity ergometry
test, subjects wore a small airtight facemask® over the mouth
and nose that held the flow sensor that measured the volume of
oxygen per kilogram of body weight. Before each test, the flow
sensor and the gas analyzer were calibrated according to the
manufacturer’s guidelines. Vo, was measured under 4 consec-
utive conditions: (1) sitting quietly for 5 minutes (baseline), (2)
upper-extremity cycling at 10W at a self-selected cadence for
1 minute (warm-up), (3) upper-extremity cycling at 10W with
increases of 10W every minute until self-determined fatigue,
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and (4) sitting quietly for 3 minutes (recovery). Each subject’s
heart rate was monitored during the test, but setting a heart rate
criterion based on adult recommendations for an exercise test
was not practical because growing children can reach an exer-
cising heart rate between 195 and 210bpm.*> Oxygen satura-
tion was monitored during the test to ensure that it did not drop
below 95%. Children were instructed to terminate the test if
they were not feeling well, such as feeling dizzy or nauseous or
experiencing pain; however, no child experienced these reac-
tions to the test. On occasion, the mask was removed during the
recovery phase because of a child feeling short of breath or hot
while wearing the mask. After the test, the resting heart rate
was averaged from baseline data, and Vo,peak (mL/kg/min)
was calculated by determining the highest 15-second average
value.

FVC was assessed by using the same metabolic cart that was
used for upper-extremity ergometry testing by taking the best
of 3 trials. With the nose closed by a soft nose clip, children
were asked to breathe normally for at least 3 breaths through a
mouthpiece and then were instructed to take as deep of a breath
in as possible and blast the air out as fast and long as possible
(goal=6s). FVC was recorded as a percentage of the norm
based on age and height.**-*

Finally, cholesterol, HDLs, LDLs, and triglycerides levels
were obtained by a fasting lipid profile with children fasting at
least 10 hours before the test. The measurement error has been
reported to be 18.2mg/dL for triglycerides, 6.1mg/dL for cho-
lesterol, 2.3mg/dL for HDL levels, and 7.4mg/dL for LDL
levels in a sample of 19 children.*

The same investigator, who was not blinded to group, per-
formed all testing with the children, except the blood draw and
blood histochemical analysis. The blood was collected and
analyzed by blinded personnel.

Data Analysis

Two-way analyses of variance were used to compare all data
across time (baseline and 6mo) and group. One-tailed paired ¢
tests were used to examine any differences within groups over
time. To allow for comparisons with published results for
children with typical development, average percent change in
Vo,, and average change in values for the lipids were also
analyzed.

RESULTS

Subjects

Thirty children with C4 to T11 SCI, ages 5 to 13 years (table 1),
participated in the study. In total, 58 children were screened for
possible participation (fig 2). Of the children who participated
in the study, only 1 (passive cycling group) was involved in
regular upper-extremity strengthening activities. Four children
were participating in other recreation activities (hand cycling, 1
FES cycling, 1 electrical stimulation) and wheelchair basket-
ball (1 electrical stimulation, 1 passive cycling). These activi-
ties were not new to the children during the study.

Adherence values (percentage) were calculated with and
without the allowance for up to 12 missed sessions over the 6
months. With the allowance, adherence rates were 95.2% *
18.1%, 107.2%*16.2%, and 105.5%*19.6% for the FES cy-
cling, passive cycling, and electrical stimulation groups, respec-
tively. Without the allowance, this corresponded to 81.6%*
15.5%, 91.9%*+13.9%, and 89.6%*+17.4%, respectively. The
maximal resistances obtained by the FES cycling subjects ranged
from 1.28 to 2.25Nm. Using these resistance levels and a cadence
of 35 to 50rpm, the range of power outputs was 3.67 to 13.1W.
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Table 1: Subject Demographics

ASIA
Group Age Sex Level of Injury Grade Years Postinjury Cause of Injury Height (cm) Weight (kg)
FES 7 F T4 A 5 MvC 119 275
FES 7 M T A 5 MvC 120.5 20.2
FES 7 M C4 B 6 Transverse myelitis 122 23.1
FES 8 M C8 B 6 MvC 122.5 26.8
FES 8 M T5 B 8 Atresia 120 19.7
FES 9 F c7 A 5 MVC 130 23.7
FES 11 M T1 A 5 MvC 138.5 27.5
FES 12 F T11 A 2 MvVC 160.5 57.8
FES 12 F T A 1 MVC 156.5 89.4
FES 13 F T10 c* 3 MVC 156 66
PC 5 F Cc7 A 4 MvC 116.5 24
PC 7 F T8 B 7 Ischemia 120 241
PC 7 M T3 A 3 MvC 118.5 19.7
PC 7 M T7 ct 1 MvC 118.5 17.7
PC 8 F C5 A 7 MvC 122 23.3
PC 8 M T A 5 MvC 134.7 37
PC 8 M Cc7 A 6 MvC 121.5 24.6
PC 11 F Cc8 B 7 MVC 139 41.6
PC 11 M Cc7 A 8 MvC 144.5 29.1
PC 12 F T4 A 1 MvC 149 38
ES 6 F T7 A 1 MvVvC 118 20.7
ES 11 F T5 A 7 MvC 146 45
ES 11 M T11 B 7 Chemotherapy 156 49.1
ES 12 F c7 A 2 MVC 161.5 54.8
ES 12 M T7 A 8 MvC 161.3 72.6
ES 12 M Cc7 A 12 Birth 146 33.9
ES 12 M T5 A 2 MvC 167 75.4
ES 12 M Cc7 A 10 MvC 153 37.7
ES 13 M T4 A 7 MvC 171.4 70.2
ES 13 M T5 A 1 Transverse myelitis 165.5 67.6

Abbreviations: ES, electrical stimulation; F, female; M, male; MVC, motor vehicle collision; PC, passive cycling.

*Hip flexion grade 2 only. No other lower-extremity movement.
TAnal contraction only. No lower-extremity movement.

Baseline Measures

There were significant differences between groups in base-
line height, weight, and age. In addition, the groups were
unbalanced in terms of injury levels, with the greatest number
of subjects with tetraplegia in the passive cycling group. How-
ever, there were no differences between groups for any of the
baseline measures (Vo,peak, resting heart rate, FVC, lipid
values).

Oxygen Uptake (mL/kg/min) and Resting Heart Rate

There were no differences between groups over time for
Vo,peak when comparing baseline and 6-month values (fig 3).
However, when examining average percent change, there were
significant differences between groups with Bonferroni post hoc
testing showing that the FES cycling group had a significant
change (16.2% *=25%) as compared with the passive cycling
group (-28.7%*42%). In examining baseline and 6-month
values within each group, the changes did not reach statistical
significance. In addition, resting heart rate did not change when
comparing the groups over time (fig 4), and 1-tailed paired ¢
tests showed no changes within each group. Table 2 displays
each subject’s individual data for Vo, and resting heart rate.

Forced Vital Capacity

There were no differences between groups over time for
FVC when comparing baseline and 6-month values (fig 5).

Arch Phys Med Rehabil Vol 90, August 2009

One-tailed paired ¢ tests also showed no changes within each
group. Table 2 displays each subject’s individual data.

Lipids

There were no differences between groups over time for any
of the lipids when comparing baseline and 6-month values
(table 3). One-tailed paired ¢ tests also showed no changes
within each group. When examining average change in lipid
values, there were significant differences between groups
for cholesterol and HDL levels. Bonferroni post hoc testing

showed that the electrical stimulation group had a decrease in
cholesterol as compared with the FES cycling group.

DISCUSSION

In this study, 30 children with SCI exercised at home for 6
months with an FES cycle or passive cycle or they used
noncycling electrical stimulation therapy. The results showed a
greater percent change in Vo,peak for the FES cycling group
and a greater percent decrease in cholesterol levels for the
electrical stimulation group. Therefore, our hypothesis was
partially supported because the FES cycling group showed
greater respiratory changes but not greater cardiovascular
changes.

Compliance with the exercise protocol was between 80%
and 92% for the 3 groups, suggesting that the exercise proto-
cols were integrated successfully into the family routine. The
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Assessed for eligibility (n=58)

Excluded (n=25)
Not meeting inclusion criteria

(n=8)
Declined participation (n=17)

Randomized (n=33)

Allocated to FES
intervention (n=12) (n=11)

Received allocated
intervention (n=12)

Did not receive allocated

Allocated to passive
cycling intervention

Received allocated
intervention (n=10)

Allocated to electrical
stimulation intervention
(n=10)

Received allocated
intervention (n=10)

Did not receive allocated

intervention (n=0) intervention (n=1) Subject

Did not receive allocated
intervention (n=0)

decided not to participate
in intervention

Lost to follow-up (n=2).
Subjects discontinued
participation part way
though intervention
period

Lost to follow-up
(n=0)

Lost to follow-up
(n=0)

Analyzed (n=10)
Excluded from analysis
(n=0)

Analyzed (n=10)
Excluded from analysis
(n=0)

Analyzed (n=10)
Excluded from analysis

(n=0)

Fig 2. Flowchart diagram for the study.

adherence rate for the FES cycling group was likely less than
the other groups because of the added time for setup, occa-
sional computer malfunctions, and the need for greater parental
supervision to advance resistance. Only 1 child (12y) com-
plained of occasional discomfort with the FES; however, she
did not miss sessions because of this issue. During the study,
medications taken by the children were primarily for spasticity
and bladder management. These medications remained stable
throughout the study, other than occasional antibiotics because
of urinary tract infections.

The FES cycling group showed improvements in Vo,peak
with values improving from 9.9%+5.4 to 12.7x7.6mL/kg/min.
A decline was observed in the passive cycling group, and a
minimal increase was seen in the electrical stimulation group.
To interpret these findings, it is important to understand how

children with typical development respond to exercise because
children respond differently than do adults. One study exam-
ining Vo,max changes after a 12-week aerobic exercise pro-
gram for 10- to 12-year-old children with typical development
showed average Vo,max increases of 6.5% (P<.05).>® In our
study, children in the FES cycling group showed average
increases of 16.2%, suggesting that they experienced a clini-
cally significant improvement in this measure. The percent
decrease in Vo, of 28.7% for the passive cycling group was
surprising. Children in the electrical stimulation group showed
no overall change (2.5% increase). Overall, these results sug-
gest that both types of exercise involving electrical stimulation
helped to improve or maintain Vo,, whereas the passive exer-
cise did not, indicating that active muscle contractions may be
important. These active contractions may have impacted the

Arch Phys Med Rehabil Vol 90, August 2009



1384

30

25

0 |

milkg/min
@

W Baseline
6 months

FESC PC ES

60

16.2 25
40 1

20

Percent

-20

-40 4

-60

-80

FESC PC ES

Fig 3. (A) Vo, values and (B) average percent change in Vo, per
group. There were no differences between groups in uptake values
over time (P=.588, power=.133); however, the FESC group showed
a significant increase in average percent change as compared with
the passive cycling group (P=.033, power=.651) with Bonferroni
post hoc testing showing that the FESC group had a greater posi-
tive percent change than did the passive cycling group (P=.035)
(FESC vs ES, P=1.00; PC vs ES, P=.185). In examining baseline and
6-month values within each group, the changes did not reach sta-
tistical significance (FESC, P=.056; PC, P=.095; ES, P=.23). Abbre-
viations: ES, electrical stimulation; FESC, functional electrical stim-
ulation cycling; PC, passive cycling.

central cardiorespiratory system through improvements in ve-
nous return and decreased blood pooling.> One possible limi-
tation to these findings is that the impact of the upper-extremity
exercise participation during the study for 5 (1 FES cycling, 2
passive cycling, 2 electrical stimulation) of the 30 children
cannot be determined. However, the children were participat-
ing in these activities regularly before enrolling in the study.
In children®' and adults with SCI,*” exercise responses vary
based on level of injury, with people with tetraplegia showing
the smallest changes in Vo, values with exercise because of
alterations in the sympathetic nervous system and differences
in lean body mass. These factors may have impacted the results
by decreasing the average change per group. Each group included
children with tetraplegia and children with paraplegia (3, 5, and 3
children with tetraplegia in the FES cycling, passive cycling, and
electrical stimulation groups, respectively). When re-examin-
ing the data based on level of injury, the average changes in
Vo, were —12.1%=22.8% for subjects with tetraplegia (n=9),
41.2% *=78% for subjects with T1 to TS paraplegia (n=10), and
—5.2%*35.5% for subjects with T7 to T11 paraplegia (n=7).
Therefore, the largest change was seen in the group with T1 to
TS paraplegia. When only examining the children in the FES
cycling group, the average changes in Vo, were =7%=*9.9%
for subjects with tetraplegia (n=2), 52.869.3% for subjects
with T1 to TS5 paraplegia (n=4), and —32.4%=*=35.0% for
subjects with T7 to T11 paraplegia (n=2). These results sug-
gest that lean body mass may have had an impact on the results
because greater improvements were seen in the children with
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paraplegia. This finding must be viewed cautiously because of
the small sample size of the FES cycling group.

Adults with SCI have shown improvements in Vo,peak
after upper-extremity’® and lower-extremity FES cycling®
exercise. A systematic review of Vo,peak after a 3 or more
times per week upper-extremity exercise program showed
average increases of 17.6%*=11.2% over a period of 4 to 32
weeks.*® Our finding of an increase of 16.2% for subjects in
the FES cycling groups was comparable with their results. In
an FES cycling study for adults with SCI,* statistically sig-
nificant improvements were found in Vo,peak during FES
cycling after a minimum of twenty-four 30-minute sessions
performed twice per week.

Resting heart rate decreased approximately 5 beats/min on
average for all groups. It is difficult to discern the exercise
effect because of the natural decline in resting heart rate that
occurs as children become older.>? A 2- to 3-beats/min de-
crease of over a 6-month period of time occurs in children with
typical development*’; however, it is unknown if the similar
decrease occurs in children with SCI. In addition, adults with
SCI show variability in their resting heart rate*'; therefore,
resting heart rate may not be a good indicator of fitness levels.
Variability in resting heart rate has not been reported for
children with SCI.

FVC did not change over time for children in any group. The
baseline average FVC value for subjects in this study was
66.9%*+24.7% (range, 22%—124%) of predicted based on chil-
dren with typical development. Therefore, as a group, these
children have low values. In a study with prepubescent children
with typical development,>® FVC (in liters) increased by 7%
(P<.05) after an 8-week running program, indicating that
exercise can increase FVC. However, in that study, it was
unknown if this training increased lung volume or if the in-
crease was because of improvements in the expiratory mus-
cles.?® For adults with SCI, 1 study showed that a 30-minute,
3-times-per-week, 6-week upper-extremity aerobic program
could increase FVC. This change may have been because of
increased strength and the endurance of accessory muscles that
were impacted directly or indirectly by the exercise.?’

Perhaps the children in our study did not reach sufficient
exercise intensity to realize significant changes in FVC, resting
heart rate, and lipid levels. Resistance was increased for the
FES cycling group to increase overall power output; however,
the resistance may not have allowed subjects to reach power
output levels necessary to realize further gains. To reach higher
resistances, the cadence of 50rpm would likely have to be
decreased. Fornusek and Davis*? showed a higher average
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Fig 4. Resting heart rate values per group. There were no changes
in resting heart rate over time for any group (P=.991, power=.051).
One-tailed paired t tests also showed no changes within each group
(FESC, P=.12; PC, P=.16; ES, P=.18). The slight decline noted may
be because of children being 6 months older. Abbreviations: ES,
electrical stimulation; FESC, functional electrical stimulation cy-
cling; PC, passive cycling.
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Table 2: Individual Data and Percent Change for the Upper-Extremity Ergometry Test (Vo,peak, resting heart rate, peak heart rate, and
maximal power) and the FVC Test

Max Power Output

Vo,peak (mL/kg/min) Resting HR (beats/min) HR Peak (beats/min) (W) FVC (% Predicted)

Group Age Sex Pre Post % A Pre Post % A Pre Post % A Pre Post % A Pre Post % A
FES 7 F 6.2 15.7 163.2 105 96 —8.6 185 173 -6.5 30 40 33.3 NT

FES 7 M 121 11.4 -5.8 76 89 171 110 112 1.8 20 20 0.0 61 52 -14.8
FES 7 M NT NT NT NT 36 50 38.9
FES 8 M 8.6 7.4 —-14.0 88 90 2.3 134 112 -16.4 20 10 —50.0 54 55 1.9
FES 8 M NT 122 89 —-27.0 170 137 -19.4 20 20 0.0 90 99 10.0
FES 9 F 6.0 6.0 0.0 1M 94 —15.3 132 116 —-12.1 10 10 0.0 36 35 —2.8
FES 11 M 7.7 10.4 35.1 66 61 -7.6 100 103 3.0 30 30 0.0 55 59 7.3
FES 12 F 17.0 26.7 57.1 101 84 —-16.8 170 180 5.9 180 100 —-444 124 111 -10.5
FES 12 F 3.5 4.5 28.6 97 99 2.1 100 110 10.0 40 50 25.0 71 63 -11.3
FES 13 F 18.4 19.8 7.6 68 77 13.2 159 172 8.2 130 115 —-115 115 119 3.5
PC 5 F 9.9 88 —-111 108 82 —24.1 143 130 -9.1 10 10 0.0 50 56 12.0
PC 7 F 254 257 1.2 101 86 —-14.9 200 191 —-4.5 60 70 16.7 115 96 —-16.5
PC 7 M NT 101 99 -2.0 136 141 3.7 20 20 0.0 54 67 241
PC 7 M 19.7 15.3 —223 95 122 28.4 146 82 —43.8 30 30 0.0 49 60 224
PC 8 F NT 82 85 3.7 NT NT 22 20 -9.1
PC 8 M 14.0 7.4 —47.1 130 102 —-215 160 165 3.1 20 30 50.0 75 60 —20.0
PC 8 M 14.4 9.0 -375 99 104 5.1 129 129 0.0 20 10 —50.0 53 49 —-7.5
PC 11 F 7.0 40 —429 77 81 5.2 110 128 16.4 20 40 100.0 58 69 19.0
PC 11 M 13.6 171 25.7 85 79 =71 127 142 11.8 40 30 —-25.0 46 46 0.0
PC 12 F 10.7 12.6 17.8 101 84 —-16.8 168 138 -17.9 20 20 0.0 66 69 4.5
ES 6 F 33.8 13.1 —-61.2 91 103 13.2 194 175 —9.8 30 30 0.0 81 41 —49.4
ES 11 F 9.1 9.7 6.6 87 93 6.9 181 190 5.0 40 70 75.0 70 73 4.3
ES 11 M 20.5 183 —-10.7 80 86 7.5 163 165 1.2 80 80 0.0 81 84 3.7
ES 12 F 4.5 33 -—-26.7 107 96 —10.3 132 128 —-3.0 20 20 0.0 32 35 9.4
ES 12 M 18.8 17.3 —8.0 78 87 11.5 168 189 12,5 100 100 0.0 84 85 1.2
ES 12 M 7.0 58 —17.1 125 103 -17.6 139 127 -8.6 10 20 100.0 60 55 —-8.3
ES 12 M 4.7 14.5 208.5 99 77 —22.2 195 163 —-16.4 100 130 30.0 83 83 0.0
ES 12 M 14.8 17.0 14.9 76 69 -9.2 105 143 36.2 30 50 66.7 56 55 -1.8
ES 13 M 20.0 21.0 5.0 104 94 -9.6 205 174 —=15.1 115 100 -—13.0 87 84 —-3.4
ES 13 M 10.3 11.3 9.7 68 75 10.3 170 154 —-9.4 70 80 14.3 76 6 —92.1

Abbreviations: ES, electrical stimulation; F, female; HR, heart rate; M, male; NT, not tested; PC, passive cycling; % A, percent change.

power output in adults with SCI when cycling with FES at
30rpm as compared with 50rpm. Another option would be to
perform upper- and lower-extremity exercise simultaneously.
Hooker et al'® reported an increase of 23% in Vo, after a
combined lower-extremity FES and arm-crank ergometry pro-
gram for adults with SCI. This type of combined exercise has
not been tested in children with SCI. Future research should
examine these and other methods to increase exercise intensity
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Fig 5. FVC per group. There were no differences between groups
over time for FVC when comparing baseline and 6-month values
(P=.637, power=.098). One-tailed paired t tests also showed no
changes within each group (FESC, P=.50; PC, P=.45; ES, P=.10).
Abbreviations: ES, electrical stimulation; FESC, functional electrical
stimulation cycling; PC, passive cycling.

in children with SCI to determine if greater cardiorespiratory
improvements can be realized. Additionally, future studies
should include a rating of perceived exertion to determine the
intensity as related to each of the children because children will
vary in their levels of fitness.

No significant changes in lipid levels were seen between
groups over time. However, it is important to consider how
lipids typically respond to exercise for children in general to
better interpret our results. A meta-analysis*® of lipid profiles
after aerobic exercise in typically developing children (5-19y)
reported changes only with triglyceride levels (average change
12%). In this meta-analysis, the confidence intervals for lipid
changes were found to be —22.8 to 0.8mg/dL for triglycerides,
—4.4 to 3.3mg/dL for cholesterol, —4.8 to 1.9mg/dL for HDL,
and —4.3 to 6.7mg/dL for LDL levels.** Using these confidence
intervals, the FES cycling group had a small increase in cho-
lesterol levels, the passive cycling group had a decrease in
cholesterol levels (a positive change) but also a decrease in
HDL levels (a negative change), and the electrical stimulation
group had decreases in cholesterol, HDL, and LDL (positive
change) levels. Therefore, the findings were mixed. In adults
with SCI, arm-cranking exercise training has been associated
with positive changes in HDL levels but not in total cholesterol
or triglyceride levels.** Another study*’ reported that adults
with SCI with greater physical capacity had better lipid pro-
files, thus suggesting that physical activity can have an impact.

Arch Phys Med Rehabil Vol 90, August 2009
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Table 3: Baseline and 6-Month Lipid Values (in mg/dL)

Triglycerides Cholesterol HDL LDL

Group Age Sex Pre Post % A Pre Post % A Pre Post % A Pre Post % A
FES 7 F 96 103 7.3 188 231 22.9 36 40 1.1 133 171 28.6
FES 7 M 59 63 6.8 144 124 —-13.9 36 37 2.8 97 75 —22.7
FES 7 M 56 44 —-21.4 140 158 12.9 49 60 224 80 90 12.5
FES 8 M 52 38 —26.9 143 128 -10.5 48 46 —-4.2 85 75 -11.8
FES 8 M 67 52 —22.4 126 130 3.2 37 37 0.0 76 83 9.2
FES 9 F 45 48 6.7 143 147 2.8 38 36 -5.3 96 102 6.3
FES 1M1 M 136 77 —43.4 188 169 -10.1 31 31 0.0 130 123 —5.4
FES 12 F 111 50 —b5.0 164 165 0.6 37 53 43.2 105 103 -1.9
FES 12 F 150 144 -4.0 210 211 0.5 25 26 4.0 155 157 1.3
FES 13 F 66 152 130.3 114 141 23.7 36 37 2.8 65 74 13.8
FES group

averages 83.8+37.3 77.1+x41.9 —6.7+40.6 156+30.1 160.4+35.8 4.4+20.4 37.3%x7.1 40.3+10.1 3.0£5.9 102.2+28.8 105.3+34.7 3.1£15.8
PC 5 F 77 69 -10.4 164 172 4.9 43 44 2.3 106 115 8.5
PC 7 F 29 44 51.7 149 156 4.7 55 48 -12.7 89 100 12.4
PC 7 M 219 155 —-29.2 181 182 0.6 30 26 -13.3 108 125 15.7
PC 7 M 139 118 —15.1 80 74 -7.5 33 23 -30.3 20 28 40.0
PC 8 F 56 42 —25.0 152 140 -7.9 40 41 2.5 101 91 -9.9
PC 8 M 72 69 —-4.2 202 215 6.4 57 55 -35 131 147 12.2
PC 8 M 87 78 —-10.3 102 101 -1.0 36 33 -8.3 49 53 8.2
PC 11 F 227 126 —44.5 204 154 —24.5 33 24 -27.3 126 105 -16.7
PC 1M1 M 75 75 0.0 219 181 -17.4 65 53 -18.5 139 113 -18.7
PC 12 F 48 40 —-16.7 124 112 -9.7 44 36 —-18.2 71 69 —-2.8
PC group

averages 102.9+69.5 81.6+£39.1 —21.3+34.7 157.7%x45.7 148.7+42.8 -9.0£20.4 47+18.5 43.5+22.8 —3.5*6.8 90.6+39.8 89.4+38.4 —1.2+14.8
ES 6 F 35 63 80.0 205 173 —-15.6 57 41 —28.1 141 120 -14.9
ES 11 F 100 50 —50.0 140 129 -7.9 50 44 -12.0 70 75 71
ES M1 M 60 74 23.3 138 132 —-4.3 36 34 —5.6 90 84 -6.7
ES 12 F 101 77 —23.8 260 240 -7.7 39 43 10.3 201 182 -9.5
ES 12 M 342 258 —24.6 237 218 -8.0 39 37 -5.1 130 130 0.0
ES 12 M 65 55 —-15.4 175 152 -13.1 35 32 —8.6 127 109 -14.2
ES 12 M 23 99 330.4 123 98 —20.3 43 32 —25.6 76 47 —38.2
ES 12 M 56 45 -19.6 225 220 -2.2 36 39 8.3 178 172 -3.4
ES 13 M 148 97 —34.5 115 102 -11.3 24 20 -16.7 62 63 1.6
ES 13 M 97 76 —21.6 155 138 -11.0 46 50 8.7 90 73 —-18.9
ES group

averages 102.7+91.7 89.4%+62.0 —13.3*45.2 177.3+%51.3 160.2+50.6 —17.1+8.5 40.5+9.1 37.2+£8.3 —-3.3%6.5 116.5+47.1 105.5*+45.7 —-11£11.3

NOTE. There were no differences between groups over time for any of the lipids (triglycerides, P=.929, power=.061; cholesterol, P=.733, power=.097; HDL, P=.705, power=.103; and LDL,
P=.847, power=.075). One-tailed paired t tests also showed no changes within each group. When examining average change in lipid values, there were differences between groups for
cholesterol (P=.032, power=.656) and HDL levels (P=.05, power=.579). Bonferroni post hoc testing showed that the ES group had a decrease in cholesterol as compared with the FES
cycling group.

Abbreviations: ES, electrical stimulation; F, female; HR, heart rate; M, male; NT, not tested; PC, passive cycling; % A, percent change.
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One limitation of our study is that diet was not controlled, and
diet is a key factor in cholesterol levels. Future research should
include a component focusing on nutrition to determine its
influence on lipid values in these children.

Study Limitations

There are several limitations of this study. First, a control
group not receiving any intervention was not included in the
randomized controlled trial; therefore, the results may have
been influenced by the developmental stage and growth of the
subjects. Because of this, normative values for children without
disability and data from adults with SCI after exercise pro-
grams were used to assist in the understanding of the results.
The physical development of children with SCI for the mea-
sures tested is not known and warrants further investigation. A
second limitation is that we did not have a data-logging system
on the cycling or electrical stimulation equipment, so we relied
on the parents for providing the majority of the information on
program adherence through biweekly telephone calls and hand-
written logs. The parents were very motivated to participate in
this study because of the potential benefits to their children, so
we believe that overall the parents were accurate in their
reports of adherence.

CONCLUSIONS

For the cardiorespiratory and vascular measures studied,
only children in the FES cycling group showed significant
differences in percent increase in Vo,peak as compared with
children in the passive cycling and electrical stimulation
groups. No differences were found with resting heart rate and
FVC among groups. The electrical stimulation group showed a
significant difference in cholesterol levels as compared with the
FES cycling and passive cycling groups. These findings sug-
gest that an important respiratory change was observed for
children in the FES cycling group. However, the lack of an
effect on the other variables suggests that an increased intensity
of exercise may be needed. Passive cycling and electrical
stimulated exercise alone led to no or minimal positive changes
in the cardiorespiratory or vascular measures studied.
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