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Is the use of computerized electrical stimulation

associated with cycloergometrics in individuals

with medullary lesion beneficial for the muscular
parameters?
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ABSTRACT

The aim of this study was to determine whether the use of FES produces muscular benefits for individ-
uals with spinal cord injuries. Method: A review of the literature was done in the electronic database
MEDLINE, PubMed, LILACS and SciELO, without limitation of time or language. The PICO strategy has been
used for this research. Results: 554 articles were found. From these, 432 were excluded by title, resulting
in 122 articles left. Out of these articles the duplicates were excluded resulting in 73 articles; 36 were then
excluded after reading the abstract and 33 more after reading the full text. Four studies were selected.
Two articles included males and females in their studies and two only included males. Three studies in-
cluded quadriplegics and paraplegics in the same study; one included only quadriplegics. One of the stud-
ies used a more frequent training routine, seven times a week; three trained only three times a week. The
duration of the studies was varied considerably, from six weeks to one year. The resulting measurements
for strength and resistance evaluation were performed in different manners, by muscle transverse section
area measurement, limb circumference, and muscle biopsy; however, all studies presented at least one
of the measurements provided by the equipment, power output or work output. Improvement of the
power output and work output has been shown in all studies. Despite the heterogeneity encountered in
these studies, the outcomes evaluated by them indicate a significant increase in the power output and
work output after training periods, with gains starting from six weeks of training at least three times a
week. Conclusion: Future studies are needed to assess different responses in different groups of subjects,
paraplegics or quadriplegics, under different frequencies and periods of training, and thereby provide the
elaboration of more directed training protocols.
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INTRODUCTION

Spinal cord injuries affect approximately
32 people per million and about 7,800 peo-
ple a year in the United States.! Worldwide,
the variation is from 12.1 to 57.8 cases per
million people.? It occurs predominantly with
males, in about 82% of the cases and with the
average age of 33.4 years.!

In general, 85% of the patients who sur-
vived after the first 24 hours of injury are still
alive 10 years later.! Projections suggest the
need to expand the capacity of attendance/
treatment of patients with spinal cord inju-
ry and the need to prepare for the aging of
this population.®> Advances in technology
and in medicine have provided greater lon-
gevity* for patients with spinal cord injuries.
However, these patients become susceptible
to diseases related to aging. Studies indicate
that the occurrence of asymptomatic cardio-
vascular diseases in people with spinal cord
injuries is between 25 and 50%,>%” while the
occurrence of symptomatic cardiovascular
diseases varies from 30 to 50%.%%° Never-
theless, among people without spinal cord
injuries the rate varies between 5 and 10%.%*°
This makes cardiovascular diseases one of
the main causes of death in older patients
with spinal cord injuries.’* About a third of
individuals with spinal cord injury older than
65 and approximately half of those injured
for more than 30 years have died of cardio-
vascular diseases.'? Pulmonary and cardiac
complications are among the main causes of
death 12 years after this type of injury, being
the first and the second cause of death, res-
pectively.’* Mortality in people with spinal
cord injury is three times greater than in the
general population, when compared by age.**

From the cardiovascular point of view,
when compared to a healthy person, the indi-
vidual with spinal cord injury presents altera-
tions that interfere with his or her capacity to
take in large quantities of oxygen (VO,). In the
healthy person, blood is redistributed from
inactive tissues to supply muscular activity.
This vasoregulation is attributed to the action
of the sympathetic nervous system, which in
the patient with spinal cord injury is totally
or partially absent according to the level of
injury. This results in the reduction of cardiac
frequency and of the myocardial contractibi-
lity, limiting the cardiac output and maximum
volume ejected, which reduces the potential
to improve the cardiovascular performance.

Nevertheless, muscular atrophy and in-
crease in body fat occur soon after the injury
and continue to increase with aging. These
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changes in the body composition and inac-
tivity predispose people with spinal cord
injuries to metabolic abnormalities and ac-
celerate the development of cardiovascular
diseases.®

Including these cardiovascular and vaso-
regulatory mechanisms in patients with spi-
nal cord injuries, the publication of studies
that use computerized functional electrical
stimulation (CFES) has increased in order to
evaluate physiological responses and to de-
velop efficient therapies for the cardiorespi-
ratory conditioning of these patients.

The CFES is a method for therapeutic pur-
poses that stimulates peripheral nerves mo-
dulated by a computer through electrodes at-
tached to the skin. It is a form of coordinated
electrical stimulation that provokes sequen-
tial contraction of the quadriceps femoris, is-
chiotibial, and gluteus muscles, reproducing
the pedaling of a bicycle.

Its greatest advantage lies in the
possibility of producing the pedal movement
of a cycle ergometer through the active
contraction of the lower limbs muscles
mediated by the electrical stimulation effect.
This makes such activity possible even for
the individual without any control of these
muscles. In the course of training, there
is an adaptive response by the individual
and the resistance to the movement in the
pedals can be modified, provoking more
aerobic overload and better cardiovascular
conditioning. The improvement of
cardiorespiratory conditioning with the CFES
is related to the improvement of training load
parameters (resistance imposed by the cycle
ergometer). In a study with 20 subjects with
spinal cord injuries, Glaser® compared the
physiological responses of healthy people
submitted to the same treatment as the
injured subjects, and observed the gradual
increase of VO, concomitant to the load
increase. In a study with five quadriplegic
patients, Hjeltnes®® evaluated the alterations
in body composition after training in the CFES
and he observed an increase of VO, with the
load increase, which is in agreement with the
study mentioned before. Figoni'’ evaluated
the responses to the exercise in quadriplegic
patients, observing the increase of VO, and
of the cardiac output with load increase from
9 W.

CFES is an interesting alternative to ae-
robic training for people with spinal cord in-
juries, with the muscular component having
an important role in the performance of this
training.
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OBJECTIVE

This study seeks to determine whether
the use of CFES produces beneficial muscu-
lar outcomes for individuals with spinal cord
injuries.

METHOD

Inclusion criteria
The inclusion and exclusion criteria are
defined based on the question that guides
the review:
e  Without limiting the period of publi-
cation;
e Without limiting the language

Types of studies

We reviewed published studies of con-
trolled and random clinical tests, semi-ran-
dom and controlled clinical tests, controlled
clinical tests, series of cases, and case studies.

Participant characteristics

Adult individuals with traumatic spinal
cord injury, defined as a penetrating or non
-penetrating spinal cord injury resulting from
external forces.

Types of intervention

The use of computerized electrical sti-
mulation (CFES) in patients with spinal cord
injuries, defined as the use of computerized
electrical stimulators. This is equipment that
generates low intensity pulses transmitted by
surface electrodes, causing coordinated con-
tractions in the large muscles of the legs. It
has sensors that provide continuous feedback
for the proper control of the muscular con-
tractions and for the resistance of the pedal.

Ovutcomes
Muscular trophic alterations

Search method to identify the studies
The research had no limitations of data

or language

Electronic data bases

. Medline
. Pubmed
. Lilacs

e  Portal SciELO

The search strategy was based on ques-
tions structured in the P.I.C.O. form (“Pacien-
te” “Patient”, “Intervengdo” “Intervention”,
“Controle” “Control”, “Outcome/Desfecho”
“Outcome”). The following descriptors were
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utilized: (Spinal Cord Injuries OR Quadriple-
gia OR Paraplegia) AND (Electric Stimulation)
AND (Ergometry); (Spinal Cord Injuries OR
Quadriplegia OR Paraplegia) AND (Electric
Stimulation) AND (Biclycling); (Spinal Cord
Injuries OR Quadriplegia OR Paraplegia) AND
(Electric Stimulation) AND (Exercise); (Spinal
Cord Injuries OR Quadriplegia OR Paraple-
gia) AND (Electric Stimulation) AND (Exercise
test); Tetraplegia AND Estimulagdo elétrica;
Paraplegia AND Estimulagdo elétrica; Trau-
matismos da medula espinal AND Estimula-
¢ao elétrica.

Definitions of descriptors

Spinal Cord Injuries/ Traumatismos da
medula espinal: Traumas to the spinal cord:
penetrating and non-penetrating injuries to
the spinal cord resulting from external trau-
matic forces (e.g. wounds from firearms, whi-
plash traumas, etc.)

Electric Stimulation/ Estimulagdo elétri-
ca: Use of electrical currents or potentials to
obtain biological responses.

Quadriplegia/Tetraplegia: Severe or com-
plete loss of motor function in all the four
limbs that may result from cerebral diseases,
spinal cord diseases, peripheral nervous sys-
tem diseases, neuromuscular diseases, or,
rarely, from muscular diseases.

Paraplegia/Paraplegia: Severe or com-
plete loss of motor function in the lower
extremities and portions of the trunk. This
affliction is more frequently associated with
spinal cord diseases, cerebral diseases, peri-
pheral nervous system diseases, neuromus-
cular diseases, or, rarely, from diseases that
can also cause bilateral weakness of the legs.

Exercise Test/Teste de esforco: Controlled
physical activity, more active than resting,
performed to allow the evaluation of physio-
logical functions, especially, cardiovascular
and pulmonary, but also of aerobic capacity.
Generally, the maximum exercise (more in-
tense) is demanded, but the sub-maximum
exercise is also used. The intensity of the
exercise is frequently graduated using crite-
ria such as frequency of the work done, con-
sumption of oxygen, and cardiac frequency.

Exercise/ Exercicio: Physical activity ge-
nerally regular and done with the intention
of improving or maintaining physical fitness
or health. It is different from physical effort,
which is directed mainly to physiological and
metabolic responses to the use of energy.

Biclycling/ Ciclismo: The use of a bicycle
for transport or recreation. This does not in-
clude the use of the bicycle in the study of
body responses to physical exercises.

Ergometry/Ergometria: Any method to
measure the quantity of work done by an
organism, generally during physical effort.
Ergometry also includes measurements of
strength. Some instruments used in these
determinations include the manual crank and
ergometric bicycle.

The selection of the studies was made
through the evaluation of titles and abstrac-
ts. When the title and abstract were not cla-
rifying, the entire article was sought out, in
order not to leave important studies out of
the systematic review. The disagreements
that occurred were resolved by consensus.

The data was extracted from each study
through a standardized form, with informa-
tion on the age of the subjects, number of
subjects included in the study, type of inter-
vention, the duration, number, and frequen-
cy of sessions, types of results measured, and
authors’ conclusion on the outcomes of the
interventions.

RESULTS

The initial search identified 554 articles
(Table 1), from which any duplicates were ex-
cluded. The reading of the title (432) and of
the abstract (36) excluded 468 articles. From
the 37 remaining, after reading the complete
text, only 4 satisfied the inclusion criteria in
this review.

Bibliographic review articles, studies
where the subjects were not adults, studies
with associated therapies (strengthening
protocol with functional electrical stimula-
tion and computerized electrical stimulation,
for example), studies on subjects with incom-
plete spinal cord injuries and motor activity
(ASIA C, D, E), and studies about metabolism
and muscle oxygen consumption were exclu-
ded. Articles that used non-stationary cycle
ergometers were included.

Despite the concern with selecting more
homogeneous studies in relation to the cha-
racteristics of the injury (complete or incom-
plete), type of intervention, and type of mea-
surements, some studies presented certain
heterogeneity, as presented on Table 2.

Two articles included males and females
in their studies,*®*'° two other articles, only
males. Three studies included quadriplegic
and paraplegic subjects in the same study,2°
one other study included only quadriplegic
subjects.'® Two studies included at least one
subject with incomplete injury in the stu-
dy,**?° two other studies included only one
subject with complete injury.'®*® One of the
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studies used a greater training frequency, se-
ven times a week,® three others used a three
times a week frequency.'®*?° The duration of
the studies varied greatly, from six weeks® to
one year.'®

The studies’ population samples presen-
ted a reduced number of subjects!®**#2 and
no studies of random and controlled clinical
tests were found.

The result measurements for evaluating
strength and resistance were taken by va-
rious forms, by measuring the cross-section
of muscles!®® (both studies observed signi-
ficant increases in the cross-sections), by cir-
cumference of the limb*>% (one of the studies
reported an increase of thigh circumferen-
ce,”® while another reported maintenance of
circumference),?’ and by muscular biopsy,#*°
(one of the studies reported an increase in
the muscle fibers’ area,® while another study
did not observe any alteration),’® however,
all the studies presented at least one of the
measurements supplied by the equipment,
the evaluation of potency (power output) or
of the work performed (work output).1%1820

DISCUSSION

Despite the wide research done in this
study, the number of articles selected was re-
duced. The use of keywords and broad terms
like these in the search for articles is justified,
for the studies on computerized electrical
stimulation could be associated with various
descriptors. Even though the technology as-
sociated with CFES is not recent, the availa-
bility of equipment is not easy and the de-
mand for regularity in the training requires
supplementary efforts by the users to obtain
the cardiovascular and musculoskeletal res-
ponses desired, which may have contributed
to reduce the final number of articles that sa-
tisfied the criteria defined.

Thus, the number of articles that really
were about the CFES muscular effects was
not great. Davis et al®* made a literature
review on various outcomes with the use of
CFES, muscle morphology and biochemistry,
cardiac and hemodynamic responses, bone
density, functional changes in the capacity to
perform the exercise, psychosocial aspects,
and generalized metabolic responses,
finding a total of 865 articles, and selecting
177 articles. Peng et al.?2 made another
literature review evaluating cardiovascular,
bone, and muscular aspects, among others.
Eight articles were selected regarding the
muscular aspect, including evaluations
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Table 1. Number of articles found/selected, by association of descriptors

Descriptors Spinal cord trauma Paraplegia Quadriplegia Spinal cord injuries OR quadriplegia OR paraplegia Total
Electric stimulation AND exercise test * * * 93/24 93/24
Electric stimulation AND exercise * * * 301/50 301/50
Electric stimulation AND bicycling * * * 57/17 57/17
Electric stimulation AND ergometry * * * 90/31 90/31
Electric stimulation 08/00 02/00 03/00 * 13/00
Total 08/00 02/00 03/00 * 554/122

Table 2. Description of articles used in this review

Author

Number of
participants (males/
females)

Average age in years
+ standard deviation
(variation in years)

Level of injury

Average time of
injury in years +
standard deviation
(variation in years)

Complete injury (C)

Incomplete injury (1)* Equipment

Chilibeck 1999 6 (5 males, 1 female) (31-50) C5-18 (3-25)
Gerrits 2000% 7 (males) 40,4+ 11,0(28-61) C5-18 9,8+10,0(1-27)
Hjeltnes 1997'¢ 5 (males) 35+6,1 C5-C7 10,2+ 7,6 (4-23)
Mohr 19971 10 (8 males, 2 females) 35,3 +7,2 (27-45) C6-T4 12,5+ 6,2 (3-23)
DescrierY:iicz)gﬁ(:)fnrondo» Training f\l/'feqeukency per DurcnsigsS i(())fn each DL#;‘;:?nngof Losses reported?
Non-randomized 3 30 min 8 weeks No
Non-randomized 3 30 min 6 weeks No
Non-randomized 7 30 min 8 weeks ves, ?nd iustifies
osses
Non-randomized 3 30 min 12 months No

Results

Average increase of 23% in the muscle fibers area and of 39% in the number of capillaries

Six weeks of training in the FES-LCE did not alter the thigh circumference significantly. Mea-
sured at 5 and 20 cm from the patella. Respectively, 40.2 + 3.2 centimeters before, and 40.4
+ 2.5 centimeters; and 47.8 + 2.9 centimeters before, and 48.0 + 3.4 centimeters after the

AllC ERGYS 2 (Therapeutic Alliances

Inc., Ohio, USA)
ERGYS 2(Therapeutic Alliances
5Cand2| Inc., Ohio, USA)
AllC ERGYS1 (Therapeutic Alliances
Inc., Ohio, USA)
9Cand 1l REGYS 1 (Therapeutic Alliances

Inc., Ohio, USA)
Type of measurement

Muscle biopsies of the lateral vastus muscle, obtained
before and after training. Work output.

Circumference of thigh, measured at 5 and 20 cm from
the patella. Work output

Transversal section through computerized tomography
of gluteus maximus and medius, ischiotibial muscles, and
quadriceps. Power output.

Circumference of thigh, measured at 10 and 20 cm from

the patella. Transversal section of thigh muscle, medium

portion, by functional magnetic resonance; and muscle
biopsy of the lateral vastus muscle. Power output.

Author's conclusion

Eight weeks of training 3x/week of CFES promotes the proportional increase of the

fibers' area and of the number of capillaries. These changes can increase functional

parameters, such as muscle resistance in individuals with spinal cord injuries.

training. Significant increase of work output with average of 4 £ 5kJ to 13+ 14 kJ.

Significant increase of muscles’ cross-section at 22% or 58 cm? Increase in the load (6W) to

(22.4W). Four subjects were able to perform the training session in the CFES for 30 min with
loads varying from éW (subjects 3 and 4) to 12.2W (subject 2) and 18.3W (subject 1), but sub-

ject 4 felt fatigue after 20 min at 6W.

The thigh circumference, at 20 cm from the patella, increased 0.9 £ 0.2 cm (p < 0.05) after
6 months and 0.9 £ 0.2 cm (p < 0.05) after 12 months, respectively 3 and 5% increases.
Increase of 5% in the cross-section of the thigh muscles. There was no significant increase of
the muscle fiber areas.

The present study shows clearly that 6 weeks of training in the FES-LCE can improve
the physiological properties of the quadriceps in individuals with SCl in relation to

resistance to fatigue.

The training done 7x/week for 8 weeks promoted significant increase in muscular
resistance in quadriplegic patients.

The musculoskeletal changes that occurred in the subject with spinal cord injury
after the injury can be reverted. The training of legs with electrostimulation is an

effective rehabilitation tool.

* Complete injury, sensory and motor complete; incomplete injury, sensory incomplete, but motor complete

on muscular tropism and spasticity, not
excluding those studies with subjects who
had incomplete injury. These authors
observed that the use of CFES promoted
increases in the muscle mass and resistance,
reduced the frequency and the duration
of muscle spasms, increased sensitivity to
insulin, increased ventilatory parameters,
and increased oxygen consumption.

Coincidently, in this review, the studies
selected used the same brand of equipment,
Ergys (Therapeutic Alliances Inc, Ohio, USA),
which allows us to affirm that the results
have a greater consistency. However, other
CFES equipment, or cycle ergometer equip-
ment associated with another electrical sti-
mulation apparatus was also already used.
Kakebeeke et al.?® used StimMaster (ELA,
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Dayton, OH), while Berry and col used Mobile
Recumbent Tricycle (Inspired Cycle Enginee-
ring Ltd., Falmouth, Cornwall, UK) adapted
for coupling with electrical stimulation. Duf-
fel et al.?* made their study using the tricycle
Trice (Inspired Cycle Engineering, Ltd., UK)
and the Stanmore stimulator as an electrical
stimulator, Scremin et al.? used REGYS (The-
rapeutic Alliances Inc., Ohio, USA).
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The CFES devices were introduced into
the market in the 1980s with the first com-
mercialized equipment - REGYS (Therapeutic
Alliances Inc.). Since then other companies
have introduced new CFES or cycloergome-
ter models and protocols into the market
associated with other electrical stimulation
devices. Nevertheless, the high cost and
maintenance of the equipment, and the clini-
cal complications inherent to the population
studied, may have contributed to the redu-
ced number of studies made.

The evaluation measurements used in
the studies of this review were the muscu-
lar microstructure evaluation by biopsy, the
measurement of limb circumference (thigh),
the evaluation of the muscle cross-section
(thigh), work output, and power output.

The evaluation of muscle cross section
used in two studies'®*° showed an increase in
area of the muscle fibers examined. However,
this increase in the muscle fiber areas was
not observed through the muscular biopsy.*
According to the authors of this study, mus-
cle fiber areas smaller than 200um? were not
counted, for they could be confused with ar-
tifacts, this could justify this controversial fin-
ding. Conversely, Chilibeck et al.’® evaluated
the muscle fiber areas by biopsy and obser-
ved an increase in the fibers’ areas after the
period of training.

The thigh circumference measuring was
used by Mohr et al.*® and Gerrits et al.® the
former observed an increase of this measure-
ment, while the latter did not observe any such
change. Gerrits et al.®® report that this result
may be associated with the fact of this measu-
rement not being sensitive and subject to mea-
suring errors, despite its easy application.

The work output and power output pa-
rameters used in these studies indicate the
productivity of the exercise, that is, the capa-
city of the individual to perform the exerci-
se. The work output parameter refers to the
quantity of energy spent during the exercise,
measured in Joules (J). The power output pa-
rameter refers to the velocity at which the
quantity of energy is spent per unit of time
during the exercise, measured in Watts (W).
Figoni'’ correlated cardiorespiratory impro-
vement in quadriplegic individuals submitted
to exercise based on their performance at the
potency of 9 W (210 Kcal/hour), compared to
a walk at the velocity of 3.2 km/h for people
without spinal cord injuries. In another stu-
dy?? the authors identified that individuals
with spinal cord injuries trained in the CFES
presented maximum peak of O, consumption
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equivalent to an individual without spinal
cord injury walking at 4.8 km/h or pedaling
at 50 W.

Spinal cord injuries create important al-
terations in the muscle tissue over time. The-
re is an important muscular atrophy in the
paralyzed muscles in the first year after the
injury, maintaining a “stationary state” of tro-
pism after that.?*¥ Nevertheless, in the pa-
ralyzed muscles of these individuals with SClI,
there is a transformation of fibers type | (slow
twitch and resistant to fatigue) into muscle
fibers type IIB (fast twitch and quick to fati-
gue), with the consequent predominance of
muscular fibers type IIB (fast twitch and quick
to fatigue) in relation to muscle fibers type |
and type IIA (fast twitch and resistant to fa-
tigue).?®

Training with CFES is capable of partially
reversing these alterations in the muscle
tissue. Morh et al.”® observed a reversal of
muscular atrophy and a reduction of adipose
tissue, with a significant increase in muscle
fibers type IIA in relation to fibers type IIB.

The findings described above may be cri-
ticized due to none of the selected studies
being randomized, controlled, or masked
clinical tests. However, clinical knowledge
allows us to declare with confidence that
individuals with complete spinal cord injury
do not improve their muscular tropism wi-
thout some kind of direct stimulation to the
musculature, such as electrical current, and
that the mere passive cyclic movement only
results in maintenance of articular amplitude
and muscle tone regulation. Since there were
no control groups, it would make no sense
to randomize the subjects. Finally, masking
in clinical studies aims to reduce the impres-
sion that there may be bias in the reporting
of results by interference from the research
subject or from the evaluator. Since the mus-
cle outcomes selected were obtained objec-
tively by equipment or biopsy, interferences
of this nature are not expected. Thus, we can
affirm that this synthesis of results from lite-
rature offers clear answers as to the effect of
exercise associated to CFES on muscular pa-
rameters, except for it being applied only to
a restricted group of patients with complete
spinal cord injury.

CONCLUSION

Despite the heterogeneity found in the-
se studies, the outcomes evaluated indicate
that training using CFES in individuals with
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spinal cord injuries promotes improvement
in the muscle parameters, with a significant
increase of power and work output after the
periods of training, with gains reported after
six weeks,® frequency of training starting
from three times a week*®%2° with 30-minu-
te sessions, which means that these patien-
ts better support the overload of imposed
physical activity. This study still leaves some
guestions open: what would be the effect of
this type of training on individuals with in-
complete injury and what is the dose-respon-
se relationship, that is, whether more density
in training could be more efficient or if there
is a ceiling effect.
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