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Background: Functional electrical stimulation (FES) has been regularly used to offset several negative body
composition and metabolic adaptations following spinal cord injury (SCI). However, the outcomes of many
FES trials appear to be controversial and incoherent.
Objective: To document the potential consequences of several factors (e.g. pain, spasms, stress and lack of
dietary control) that may have attenuated the effects on body composition and metabolic profile despite
participation in 21 weeks of FES training.
Participant: A 29-year-old man with T6 complete SCI participated in 21 weeks of FES, 4 days per week.
Methods: Prior to and following training, the participant performed arm-crank-graded exercise testing tomeasure
peak VO2. Tests conducted included anthropometrics and dual energy X-ray absorptiometry body composition
assessments, resting energy expenditure, plasma lipid profiles and intravenous glucose tolerance tests.
Results: The participant frequently reported increasing pain, stress and poor eating habits. VO2 peak decreased
by 2.4 ml/kg/minute, body mass increased by 8.5 kg, and body mass index increased from 25 to 28 kg/m2.
Waist and abdominal circumferences increased by 2–4 cm, while %fat mass increased by 5.5%. Absolute
increases in fat mass and fat-free mass of 8.4 and 1 kg, respectively, were reported. Fasting and peak
plasma glucose increased by 12 and 14.5%, while lipid panel profiles were negatively impacted.
Conclusion: Failure to control for the listed negative emerging factors may obscure the expected body
composition and metabolic profile adaptations anticipated from FES training.
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Introduction
Functional electrical stimulation (FES) has been regu-
larly prescribed as an effective rehabilitation interven-
tion after spinal cord injury (SCI) that evokes lower
extremity muscle hypertrophy, decreases fat mass, and
improves abnormal metabolic profiles.1–4 Several
reports have documented improvement in the cardiovas-
cular metabolic risk factors following FES-cycling.2,4,5

Griffin et al. documented that 10 weeks of FES
cycling in individuals with SCI resulted in approxi-
mately 4% increase in lean mass with no changes in
adipose tissue.4 The same study reported improvement
in both plasma glucose and insulin; however, it did
not show any improvement in plasma cholesterol levels

or triglycerides as well as reduction in high-density lipo-
protein-C.4 A review summarizing evidence from 22
studies contended that there is insufficient support to
the hypothesis that exercise could improve carbohydrate
and lipid disorders among adults with SCI.6 The factors
that are responsible for these controversial results need
to be well studied to ensure successful controlled
interventions.
SCI is a complex medical condition where deterio-

ration in body composition and metabolic profile is
defined by the nature or level of injury, completeness
of injury, time since injury, and age of the partici-
pants.7–10 The homogeneity of any SCI sample is
easily questioned because no two injuries are alike.
Furthermore, this population is characterized by
inherent comorbidities that may vary from one injury
to another.7–10 Unless considering an integral approach,
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all the aforementioned factors could impact the out-
comes of longitudinal interventions. For example, the
high prevalence of pain and spasticity that may exceed
70% in this population may dampen the outcomes of
FES training and interfere with functional indepen-
dence.11–14 Pain and spasticity medications are well
reported to reduce metabolism, energy expenditure,
and may further cause overall weakness.15,16 This may
further increase stress to a level that is commonly associ-
ated with excess release of catabolic hormones (i.e. cor-
tisol), which may further degrade the anabolic processes
that evoke muscle hypertrophy and increase lean
mass.17–22 Another factor is the hesitancy of individuals
with SCI to embrace the importance of starting a long-
term lifestyle changes that result in significant adap-
tations such as reduction in fat mass and improvement
in metabolic profile.23,24 Others have shown that
dietary control is an effective strategy for prevention
of obesity among individuals with SCI.23 However,
many individuals with SCI rely on meals that are high
in fat and low in protein.24

This is a report of a person with SCI who participated
in an FES leg ergometry trial to reduce obesity for 21
weeks. We hypothesized that FES training may result
in significant body composition adaptations character-
ized by increased fat-free mass, reduction in fat mass,
as well as improvement in the metabolic profile as deter-
mined by intravenous glucose tolerance test and lipid
panel profiles.

Case report
A 29-year-old man with T6 ASIA Impairment Scale A
injury signed a Veterans Affairs IRB-approved consent
form and a Virginia Commonwealth University IRB-
approved consent form before undergoing a health
history and physical examination with SCI neurological
classification assessment and testing. The participant
was a student who worked part-time with a past
medical history of spasticity (oral Baclofen 20 mg
every 6 hours), low back pain (Tramadol 50 mg every
6 hours), and neurogenic bladder (Oxybutynin 10 mg).
These conditions were treated as listed above. At the
time of enrollment, he reported smoking 5 cigarettes
per day. Following physiologic and metabolic testing,
he then participated in 4 days per week FES cycling
for 21 weeks. The participant completed only 75 ses-
sions of FES-leg ergometry due to holidays, work, and
school commitments.

Physiologic and body composition
AVO2 Peak graded exercise test was performed on a Lode
upper extremity ergometer (Electro-Med Corporation,

Flint, MI, USA) using TrueMax 2400 computerized
metabolic measurement system (ParvoMedics, Salt
Lake City, UT, USA). Supine and seated circumference
measurements were performed in triplicate by a single
trained investigator, while total body DXA (GE
Lunar, Madison, WI USA) scans were performed and
analyzed by a certified DXA operator using Lunar soft-
ware v13.

Metabolic profile assessment
Following a 12-hour fast, resting metabolic rate was esti-
mated using COSMED K4b2 (Cosmed USA, Chicago,
IL, USA) at ∼06:00 hours, followed 1 hour later with
a standard 3-hour intravenous glucose tolerance tests
(IVGTTs). The IVGTT was used to determine insulin
sensitivity and glucose effectiveness. All tests were con-
ducted prior to 21 weeks of training and 72 hours fol-
lowing the final exercise bout following standard
procedures. Briefly, an indwelling catheter with an intra-
venous saline drip (0.9% NaCl) was placed in an antecu-
bital vein, and another intravenous line was placed in a
contralateral hand vein between the hours of 8:00 and
8:30 to facilitate infusion of glucose and blood sampling
during the IVGTT. Glucose samples were taken at –6,
−4, −2, 0, 2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 19, 22, 23,
24, 25, 27, 30, 35, 40, 50, 60, 70, 80, 90, 100, 120, 140,
160, and 180 minutes after the rapid glucose injection
(0.3 gm/kg IV over 30 seconds at time zero). In
addition, 20 minutes after the glucose injection a bolus
of insulin (0.02 U/kg) was injected to determine
insulin sensitivity. Blood pressure and heart rate will
be assessed at minutes 22, 23, and 24 of the protocol.
The results of the IVGTT were modeled using
MinMod analysis (MinMod Inc., Pasadena, CA,
USA). Blood lipid profiles were also assessed during
metabolic profile testing using standard analysis
procedures.

FES training protocol
FES cycling performed on an ERGYS 2 ergometer
(Therapeutic Alliances, Fairborn, OH, USA) with bilat-
eral stimulation of the quadriceps, hamstring, and
gluteal muscles. Muscles were stimulated sequentially
at 60 Hz with current amplitude (140 mA) necessary
to complete 40 minutes of cycling at a cadence of 50
revolution per minute (RPM) with progressively
greater resistance over the course of training. Each
session included a 10-minute passive warm-up and
cool-down, and heart rate was monitored and recorded
throughout the training using a Polar RS400 watch. The
passive cycling was performed by one of the research
investigators to maintain a cadence of 5 RPM less
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than the target cadence. Fatigue threshold was set at 10
RPM to allow a longer cycling time despite the fact that
muscle fatigue may ensue. Power (W ) was calculated
using the following formula: W=RPM× KP ×D;
where RPM is revolutions per minute, KP is the resist-
ance in kilo ponds, and D is the distance traveled in
meters per revolution and was measured to be 1.54 m.
During the training period, energy expenditure was esti-
mated during rides 1, 40, and 75 using a COSMED
K4b2, while average power output was calculated for
all sessions.

Analysis section
The case report is a pre–post test design. The values pre-
sented in Table 1 are considered the outcomes in body
composition and metabolic profile pre and post-FES
intervention. % difference was calculated as the differ-
ence in post-intervention values minus pre-intervention
values divided by pre-intervention outcomes multiplied
by 100.
% difference= [(Post-intervention outcomes – Pre-

intervention outcomes)/Pre-intervention outcomes] × 100.

Results
This participant completed 75 sessions over 21 weeks.
Energy expenditure was 3.54 kcal/minute (Ride 1),
3.77 kcal/minute (Ride 40), and 3.98 kcal/minute
(Ride 75); during this time, session power outputs
increased as highlighted in Fig. 1. Physiological, body
composition, and metabolic characteristics deteriorated
during this same period and are outlined in Table 1.
Anecdotally, the participant reported that shortly after
engaging in the study his lifestyle and eating habits
degenerated; he routinely ate meals that were calorically
dense, high in saturated fat, and low nutrition. Table 2
lists the self-reported factors that may have caused the
unexpected outcomes after 21 weeks of FES-cycling.
He also reported increasing cigarette use and caffeine
consumption 6–10 cups of coffee daily.

Discussion
The current case report has anticipated positive out-
comes to FES-cycling intervention on body composition
and metabolic profile. However and contrary to the pro-
posed hypothesis, the findings showed deterioration in
body composition, metabolic profiles, and highlight
potential deleterious impacts despite frequent exercise.
Clinicians and researchers planning to pursue similar
interventional trials need to consider factors similar to
increasing pain, adhere to appropriate dietary habits,
and physiological stress throughout the trial. These
factors were based on self-report from interaction with

the participant during the course of the study.
Therefore, it is extremely important to exercise caution
that the current case report cannot point to a specific

Table 1 Outcomes of 21-week FES trial on body composition
and metabolic profile in a person with complete SCI

Pre-FES Post-FES
%

difference

Physical characteristics
Body weight (kg) 80 88.5 11
BMI (kg/m2) 25.0 28 12
VO2 (ml/kg/min) 21.9 19.5 −11
Systolic BP (mmHg) 107 129 +2
Diastolic BP (mmHg) 53 55 −36

Anthropometrics
WC-seated (cm) 91 95 +4
AB-seated (cm) 104.5 102 −2
WC-supine (cm) 89.5 91 +1.5
AB-supine (cm) 92.5 95 +2.7

DXA
Whole body %FM 37 42.5 +5.5
FM (kg) 29.3 37.7 +29
FFM (kg) 47 48 +2
BMD (g/cm3) 1.13 1.11

Metabolic profile
REE (Kcal/day) IVGTT 1393 1090 −22
Fasting glucose (mg/dl) 88 100 +14
Fasting insulin (μu/ml) 4.5 3.4 −24
Peak glucose (mg/dl) 262 300 +14.5
Peak insulin (μu/ml) 209 146 −30
Sg 0.01 0.02 +100
Si 6.5 20 +208

Lipid panel
Total cholesterol (mg/dl) 222 243 +9.5
HDL-C (mg/dl) 43 38 −12
LDL-C (mg/dl) 145 132 −9
TG (mg/dl) 170 364 +114
VLDL (mg/dl)* 34 73 +114
Total cholesterol: HDL-C 5.2 6.4 +23

BMI, body mass index; BP, blood pressure; WC, waist
circumference; AB, abdominal circumference; FM, fat mass; FFM,
fat-free mass; Sg, glucose effectiveness; Si, insulin sensitivity;
HDL-C, high-density lipoprotein; LDL-C, low-density lipoprotein;
TG, triglycerides.
*VLDL (mg/dl)= TG−HDL− LDL.

Figure 1 Progression in power output over 75 sessions during
21 weeks of FES-leg ergometry. The black line is the trend line
that represents the average of power output every five
sessions. The figure clearly highlights that power output has
significantly increased over the course of the training.

Gorgey et al. Anticipated benefits of functional electrical stimulation after SCI

The Journal of Spinal Cord Medicine 2012 VOL. 35 NO. 2 109



factor that has contributed to the observed changes, but
the purpose is to provide awareness of potential emer-
ging factors that may limit the outcomes in future
investigations.

Participant’s self-report
Pain is a common complaint in individuals with SCI
with a prevalence that can range from 77 to 86% and
interfere with activities of daily living and returning to
work.11 Types of pain could be neuropathic pain, mus-
culoskeletal pain, and visceral pain. Regardless of the
type of pain, individuals with SCI have to rely on vari-
able dosages and mixtures of analgesics to allow them
to be functional. A recent study that investigated the
relationship between medication prescription and ambu-
latory distance following incomplete SCI showed that
individuals on high doses of pain medication are more
likely to be limited in ambulation to less than 150
feet.14 Additionally, it is well documented that pain is
associated with increasing levels of stress, anxiety, and
altered sleep pattern. Stress level is higher in men with
SCI compared to the general population.17 Moreover,
stress level is associated with impaired immune system
function and poor healing of pressure ulcers, develop-
ment of obesity, metabolic diseases, and elevated levels
of cortisol.18–22 Excess plasma cortisol is known to

cause deterioration in body composition and metabolic
profiles.20–21 Daily exercise routine has been shown to
provide neurobiological stimuli to reduce stress and
anxiety.25 The mechanisms have been attributed to meta-
bolic, neuro-chemical pathways of exercising skeletal
muscles, afferent feedback to the spinal cord, and the
brain which offer plausible mechanisms that might help
explain effects of exercise on the central nervous
system.26 The absence of these mechanisms in individuals
with SCI may result in FES exercise having a lesser effect
on mental and psychosocial stress. Finally, reliance on
high-energy high-fat diets during the course of the train-
ing is known to disintegrate the metabolic and body com-
position profiles.27 It is reported that a high-fat diet has
the capability to evoke dyslipidemia, glucose intolerance,
and negatively impact body composition.27

Positive adaptations
Despite breakdown in the physiological and metabolic
profiles, there were observed increases in work output,
caloric expenditure, and improved insulin sensitivity.
The case report underscores that FES training of large
muscles can induce increased insulin sensitivity in the
absence of anticipated body composition adaptations
or dietary control intervention. The observation has
been recently confirmed following 12 weeks of lower
extremity resistance training, which resulted in improve-
ment in insulin profile without changes in glucose con-
centration in men with SCI.3 Following SCI, skeletal
muscles undergo fiber-type conversion from slow to
fast twitch.28 However, training can reverse this
process and cause improvement in insulin sensitivity,
because slower fibers are more insulin sensitive com-
pared to fast twitch ones.28,29

Future studies
Future studies should consider the potential impact of
the self-reported variables on body composition and
metabolic profile in persons with SCI. It is hypothesized
that controlling for pain and stress in conjunction with
healthy dietary habits may improve the outcomes of
training on body composition and metabolic profile.
Moreover, measuring these antagonistic factors will
allow accurate calculation of the true effect size of exer-
cise on body composition and metabolic profile. For
instance, twice weekly for 12 weeks of resistance training
in conjunction with dietary control has superior effects
compared with dietary control only on body compo-
sition and metabolic profile after SCI.3 Another impor-
tant aspect is the dosing of the prescribed exercise and
how pacing can attenuate these emerging negative
factors. A 9-month randomized control trial twice

Table 2 Self-report of potential factors that may have
attenuated the outcomes of FES-cycling on body composition
and metabolic profile

Pain – low back
pain

• Pain intensity was reported to be 4/10
before trial compared to 6/10 before trial

• No report of increasing pain medication
dose

• Reliance on cannabis and opioid to
manage neuropathic pain

Spasms* • Frequency of the spasms was 2 before trial
compared to 0 after the trial

• Oral Baclofen dose 40 mg, 3× per day
remained unchanged

Dietary habits • Irregular meals and eat late in night
• Rely on fast food
• More meat
• Diets high in carbohydrate, refined sugar,

and saturated fat
• Drink enough fluids
• Occasional alcohol drinks

Stress Stress level has increased due to
• Studying for school and extra working

hours
• Family problems and disturbance in

personal relationships
• Need to cope up with the FES-training

schedule for 20 weeks

*Frequency of spasms was evaluated using the Spasms
Frequency Score; 0 is no spasms; 1 is one ore fewer spasms per
day; 2 is between 1 and 5 spasms per day; 3 is five to less than
10 spasms per day, and 4 is ten or more spasms per day or
continuous contraction.
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weekly of aerobic and resistance training for 90–120
minutes has been shown to reduce the level of pain,
stress, and improved quality of life in persons with
SCI.30 Therefore, future trials may consider reduction
of the frequency of training per week to reduce the
associated stress and pain observed in the current
report and to corroborate or deny the aforementioned
hypothesis in persons with SCI.

Limitations
The case report relies on observation rather than for-
mally testing the hypothesis that the aforementioned
factors may have attenuated anticipated effects on
body composition and metabolic profile. It is important
to note that the findings are descriptive and caution
should be noted not to draw general conclusion.
However, we sought to share our experience to gain
insight into possible factors that can alter the outcomes
of FES training. Furthermore, the rehabilitation com-
munity can benefit from the outcome of this case
report through anticipation of confounding factors, par-
ticularly through the careful monitoring of pain, stress,
and dietary habits during future training trials involving
populations with physical disabilities.

Conclusion
This case underscores the necessity of combined dietary
modifications and lifestyle changes with an exercise
intervention in order to reduce obesity. Moreover,
regular diary records are needed to monitor participants
in order to maximize intervention outcomes. This par-
ticipant was engaged in an extended weight loss training
trial, but due to work and school commitments was
unable to adhere to study parameters. However, he
was permitted to complete the study due to his commit-
ment to finish. This observation is meant to raise aware-
ness among researchers and clinical specialists of the
importance of considering environmental, social, and
physical factors when designing longitudinal exercise
interventions among individuals with SCI. Future
studies are warranted to investigate the factors that
may impede exercise improvement to cardiovascular
risk factors following SCI.
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