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Towards parameters and protocols to recommend FESA@Iling in
cases of paraplegia: a preliminary report

Juliana A. Guimaraes, Lucas O. da Fonseca, ClatisSa Couto-Paz, Antonio P. L. B6, Charles
Fattal, Christine Azevedo-Coste and Emerson Fadairtins

Abstract— Functional Electrical Stimulation assisted cycling
(FES-Cycling) is increasingly becoming an alternatie option
recommended to people with spinal cord injury strugling with
paraplegia and interested in practicing sports. Inorder to
propose preconditions to guide FES-Cycling recommeradion,
we aimed to investigate some features and their pettial
relationships with responsiveness to NeuromusculaElectrical
Stimulation (NMES). Fourteen volunteers attended a pblic
recruitment forum to be assessed about their respaiveness
through the 16-sessions of NMES. Volunteers were sapted in
two groups (responsive and non-responsive to NMES) hich
were investigated in the light of some personal, idical,
structural and functional features. Fifty seven pecent of the
initial sample responded to electrical stimulationwith a visual
contraction. This responsive group was predominantly
composed by subjects presenting traumatic spinal ot injuries
above T12 vertebral level. Only two subjects becanresponsive
at the 39 and 16" sessions. Among the observed features, the
etiology and level of injuries seems to be more assated to
responsiveness. Our observations seem to indicateat subjects
with traumatic spinal cord injury above T12 level wee the best
potential candidates for FES-cycling.

I. INTRODUCTION

Several research studies have proposed ergometers
Functional Electrical Stimulation (FES) as an optito
provide active lower limbs involvement in alternatitherapy
[1], and to develop locomotion devices for dailyddeisure
activities in cases of paraplegia [2]. Among sultéraatives,
we have also found FES assisted cycling (FES-Cyxlimay
be also perceived as a potential opportunity fapfee living
with spinal cord injuries and interested in praoticsports

[3].

In these different contexts, we could find detaitegorts
about technical advances and benefits arising otliteoFES-
Cycling training by which natural and artificial szular
recruitment is triggered by sophisticated systeamgantrast,
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we could hardly find information of what would béet
preconditions and the parameters to recommend i@pIe a
FES-Cycling training in the cases of paraplegia.

In order to explore the characteristics of the eoned
public and get insights to guide protocols to resw@nd FES-
Cycling, we aimed to investigate some personahidl,
structural and functional characteristics of peoplith
paraplegia interested in sports, assessing thgiorsiveness
to neuromuscular electrical stimulation (NMES) atit
potential aspects linked to this issue.

Following, we described how the target public was
recruited and assessed to compose responsivenggsoan
responsiveness groups for analysis.

A. Target public and recruitment

In order to identify population with paraplegia whway
be interested participating in this experimentabtqcol
(target public), we launched a public recruitmentufn
offering FES-Cycling training. No elective critemiowas
considered, since we wanted to explore the respemsss to
?:ectrical stimulation from people of all backgrdsn
interested in attending FES-Cycling.

After clarification was provided and informed conse
was signed (CAAE 50337215.1.0000.0030, approvalbarm
1.413.934, local ethical committee), a screeningjt vivas
scheduled with volunteers to register informatibowt their
personal (age, gender and sports practice) andthheal
conditions (history of spinal cord injury, time s&injury and
clinical features).

METHODS

During the same visit, the international standdoisthe
Classification of Spinal Cord Injury were appliectarding to
recommendations from the American Spinal Injury
Association (ASIA) [4], followed by physical assesmt in
order to record some structural and functional aldes. At
the end of the physical assessment, an interviésediby the
Functional Independence Measures (FIM) was perfdiisie

On completion of the screening visit, the partioiga
followed a 16-sessions protocol of NMES in order to
investigate the responsiveness to electrical séitimri among
the subjects recruited in this convenience sample.

B. Protocol

The participants were enrolled in a 16-sessionsopob
starting with a knee extension program via surfBlddES
applied on quadriceps muscle and progressing & otluscle
groups as the responsiveness was positively viadlby
means of contractions strength classified as grade
(movement possible against gravity). A 16-sessgimtocol
was applied because the most responsive participadt
responded to NMES at the first session (NME&Shd got a
stimulation sequence of progression through thecuolas
groups starting from quadriceps to hamstrings,egltibialis
anterior and triceps sural muscles in this periotihoe.
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Muscles strength was rated using the Medical Rekear
Council (MRC) scale of 0/5 to 5/5 in which 0/5 repented
no contraction; 1/5 muscle flicker, but no moveme2rs
movement possible, but not against gravity wherjdhrewas
tested in its horizontal plane; 3/5 movement pdssigainst
gravity, but not against resistance by the examidéb
movement possible against some resistance by thmiegr
and 5/5 normal strength.

As observed in the same table, all subjects from th
responsive group had their damage caused by traumat
accident while in the non-responsive group it wasnfl that
some damages were also caused by infections (Teesesv
myelitis). Both proportions highlighted by the bexm the
Table | were significantly different from the totabmple
which presented 86% traumatic and 14% infectiouses

The 16-sessions of NMES training involved, at the
beginning, repeated series of isometric contrastionwhich
the subjects had their legs extended and feet .fiXdu:
sessions were numbered from NME® to NMESs When
the subjects started to respond with contractieashing the
grade 3/5, the series with free joint were initiad.

Concerning the level of injury, above or insideltoel the
twelfth thoracic level (T12), we observed, alsohtiighted in
Table |, a sub-sample totally composed by subjedth
injuries above T12 level in the responsive groupilevin the
non-responsive group subjects with injuries abovel a
inside/bellow T12 level were present in equal prtipos.
Both proportions observed were different from thxpested
in the total sample (79% above and 21% inside/bell@2).

As contractions progressed to higher grades (4/5/%);
more functional exercises simulating real situatiomere
introduced (i.e. sit-to-stand transfer, cyclingc.pt Each

session lasted one hour maximum with variable chmat TABLE I CLUSTERS OF QUANTITATIVE AND QUALITATIVE VARIABLES

RECORDED BY RESPONSIVENESS AND NGRESPONSIVENESS GROUPS

determined by fatigue observation. One to threes ddyrest
between sessions was scheduled.

Quantitive/ qualitative measures {units)/classes

Clusters af variables

Responsiveness

Non-responsiveness

The NMES unit, a four channel stimulator providing

rectangular biphasic current (Dualpex 071 Quark@3 wsed. Size 8 [37%] 6[43%]
During effective stimulation, frequency of 50Hz tansity B oo
ranging fro_m 0to 69 mA and pulse width of @B0vere used. i ] silomle  osolpiismg
The intensity was increased from O up to a visoakraction
(1/5) or 50 mA, foIIowing the protocol FES training Gender s o i
employed. Electrodes (5x9 €mwere placed on the skin at a ¢ ol P
location in the quadriceps muscle where the bettescular Sports practice sports played(amount) 00012001300 200}2.30{ 400
response was found. Health condition
. RESULTS Damagebyetislogy Lo Vi b
B ECC10US o ¢l
Fourteen volunteers (3 males and 11 females) agil e sinceinjury day ofthe event rears) 200 F11.00{ 2600 3,004,004 30,00
between 23 and 56 years old living with parapldigien 2 up . o ST
to 50 months responded to the call. Out of thesé4) eight Levelofinuy 0 bions i
(57%) presented a visible muscular contractiorgérigd by : B}
the NMES (graded 1/5) at the first electrical sfistion  AStAby completeness i C‘;eE ;Eﬁ;} ;E;}
session (NMES taking part in the responsive group (Table o
). The participants without visible contractiontae NMES Soscp e ltonl
(graded 0/5) composed the non-responsive group. Motor sight (sum) 1500 fjﬂ e 23m Ei,iﬁ 2600
} Left {s1um) 13.00 23,04+ 28.00 23,00 21,301 26.00
The total sample, considering responsiveness amd n¢ ASADYSPsors o o veghtum)  1500}2950{s000 2200 F56.50{ 7800
responsiveness, presented predominantly compleieal sp feft (sum) 1300}2850{ 7800 2200|3650 73.00
cord injury (64%, ASIA by completeness A classifigader BMI kg/m2 1826 23,18 32.77 1904 24352783
medical diagnosis) with people practicing from zésofour Thighlevelight(cn)  4000HSOMS300 3200 H49.00] 5600
different types of sports simultaneously. _— feft fem) 36.00 H46.50] 33.00 3100 F50.75 60.00
A. Comparative analysis HOUHETRNCES  Colflevealsight(cm) 2400 Il:zs_zalss,jo 20 tzs,ocjal,oo
. left (cm) 26,00 31,00+ 33,00 23,00 21,737 28.00
Once the volunteers were separated into resporsive Asitary el (em) 4001600 800 1001606 6,00
non-responsive groups, they were compared to e#udr o Chest expansion.  Mamary Tevel {cm) 200|400 6.00 300 5,50 6.00
and/or to the total sample (n=14). Xiphoid level (cm) 200 13501 8.00 2,00 F4,00{ 7.00
In the Table I, values from quantitative variablese . . ;BBI;E‘:::;(&H:)) i”&?ofﬁgﬁ&?ﬁ llgmﬁm el
presented by median between minimum and maximu HR ot rest (bmp) S000L6T50 7400 52006300 6000

intervals (mid—median| max), considering a non-Gaussian
distribution; in turn, qualitative variables areosm by
absolute (n) and relative (%) frequencies disteduby each

m

Activity and participation

total score

70,00 H12.04 118.00

101,00 F114.3H 119.00

class. Each quantitative/qualitative variable hats i
unit/classes indicated in the column “measures(afitsses”.

Differences between proportions observed by respens

The Mann Whitney test applied in the comparisons

behavior (responsiveness or non-responsiveness)e wdgtween responsiveness and non-responsivenesse (Tabl
detected by comparisons between groups, takinghasia the ©0nly detected significant differences (p<0.05) $8P at rest,
proportion expected in the total sample by the éfishexact showing that all participants, in the non-respoeisass group,
test (p<0.05). The tables cells highlighted in oxe the Presented systolic blood pressure (SBP) at restehithan
“responsiveness” and “non-responsiveness” columesew 110 mmHg while responsiveness group presented fifty
used to indicate significant differences (p<0.0®tween Percent (50%) of their subjects recording SBP at lewer
observed (groups) and expected proportions (sample) than 100 mmHg at rest.
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B. Responsiveness through the 16-sessions of NMES

who only responded to electrical stimulation witntractions
scored with 1/5 contraction strength at the thNMES3) and

to 50% above and 50% inside/below T12 level and the
Not all participants had the same sequence &FSPONSiveness group came into possession a subigct

responsiveness to NMES (Figure 1). We had two stije SPinal cord injury inside/below T12 (Figure 2).

It was interesting to point out that when we rentbve

infectious cause from the level of injury analysis,observed

sixteenth sessions (NMES].G) The stimulation wast juin the pairs of groups indicated by Subjects hawn'w

applied to the other muscle groups in the progoessifter
have obtained a 1/5 contraction in the previouscieugroup
of the established sequence of progression.

80+
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o 50
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-0~ responsiveness (+) -4
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NMES series

Figure 1. Sample proportion presenting at least 1/5 contaaluring the
16-sessions protocol. Progressive increase infmrssveness may be
observed.

These two mentioned volunteers increased
responsiveness size from 57% to 64% at NM&®] to 71%

at the NMES,. At the NMES; the proportion observed was

significantly different from the expected (NMB%s detected
by the Fisher's exact test (p<0.05).
C. Responsiveness and level of injury

All volunteers who responded to NMEBad spinal cord
injuries above T12 (responsive group) while amdvegrt who

did not respond to NMESwe found half above and half

inside/below T12.

traumatic spinal cord injuries remained in therdistions in
the Figure 2, we could observe, with the exceptibronly
one subject (T12 level); that all volunteer in then-
responsive group had spinal cord injuries insidbedow T12
level.

IV. DISCUSSION

Our preliminary public recruitment towards paramete
and protocols to recommend FES-Cycling for peopith w

paraplegia interested in sports reveals to be itapbrto
consider features related to etiology (physicalrira) and
level of the spinal cord injury.

Before the analysis of the responsiveness obseénvedr
sample, we had hypothesized that time since irgonld be a
feature responsible to non-responsiveness to NMBS.
initial hypothesis found basis in the evidenceswshg
substantial tissue atrophies followed the
acquisition which drastically reduces physical \atti and
motor/vascular functions in the lower limbs as lagjtime
goes on [6].

However, no significant difference in terms of tisiace

tH jury was found between groups which could justifipre

Inactivity in the lower limbs generating structuirophies
and motor/vascular dysfunctions enhanced by the timmon-
responsive group. Maybe, the lack of differencelddae
explained by the fact that our sample was compbgeattive
subjects who practiced different types of sports.

Other features not related to time since injury tres
considered in order to analyze responsiveness,spsct
related the nature of the damage and its impactexiain
our results, we hypothesized that after spinal dojuty, the
individuals in the responsive group present signafsl

At NMES;, a volunteer who had a T5 level spinal corymptoms related to the disconnection syndromedamage

injury started to respond with a 1/5 contractiohamging

in the descending motor fibers from the motoneusingated

non-responsiveness proportion to 40% above and 608the motor cortex to the motoneurons in the dptoed) [7]

inside/below T12 level (Figure 2).

« &
I\

S
s

EK; Traumatics

responsiveness

)
L g

non-responsiveness

Figure 2. Adjustments in the course of the 16-sessions of SME the
proportions founded for the volunteers who hadaliord injuries above or
inside/below T12 level by groups (responsivenessram-responsiveness).

When reaching the NME§ another volunteer who had

spinal cord injury at the T12 level started to mup with a
1/5 contraction, returning the non-responsivenespgstion

and the individuals in the non-responsive groupseme
damage of the peripheral motor pathways (i.e. tmtaat

paraplegi

nerve roots and/or the axons of the motoneuron$) [8

Unfortunately we did not record variables
disconnection syndrome, a
hypothesis.

Nevertheless, it is interesting to notice that mbjact

relateol t
limitation to confirm our

whom damage cause was infectious responded to NMES,

even above T12 level and after 16-sessions protdta two

subjects presented diagnostic of transverse ngehitised by

infection, had neurologic impairment in ventraluzoh of the
cord [9] with damage in specific motoneurons insatel
below their levels of injury. How the mechanismaation of
the NMES involves electrical stimulation excitirfgetmotor
nerve going to muscle and not muscle itself [1(3, elieve
that the peripheral motor pathways were damagebeirtwo
subjects diagnosed with transverse myelitis, jyistif the
non-responsiveness.

In general, the subjects with traumatic spinal dojdriy
inside/below T12 level did not respond to NMES heseathe
lumbosacral spinal cord is almost entirely contdifme the
segments inside the vertebral T12 level where
motoneurons to innervate the hip and legs comiog ff11].
However, we had a participant whom level of injwgs T12

all
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and, in the NMEg he began to respond_ In this case i8] Curt A, Dietz V. Electrophysiological recordings patients with

important to consider that the levels were recorflech the éﬂifnja:ng?\;‘écj”élérg“PZir%rglféZ&i‘gCsolfogf“fgig%i”gﬂﬁg- Spinal cord
medlc.al diagnoses, nOt. éxamining V°'.“.”tary .mOtor %] West TW, Hess C, Cree BAC. Acute transverse mgeliti
conscious  sensory function below the injury siteSKA Demyelinating, inflammatory, and infectious myeltipas. Semin
recommendations). Neurol, vol. 32, 2012, pp. 97-113.
. L . [10] Newham DJ, Donaldson Nde N. FES cycling. Acta NehiroSuppl,
The clinical examination of the level, extent, sitye8] vol. 97 (Pt 1), 2007, pp.395-402.

and motor impairment (disconnection syndrome oipperal  [11] Martin, J.H. “Neuroanatomy: text and atlas™ 2d., , New York:
motor pathways) could be useful to explain his Appleton & Lange, 1996, 578 pp.
responsiveness at the NMES

The systolic blood pressure (SBP) was the uniqualvia
in the functional domain of this study to presemignificant
difference between groups. The non-responsive group
manifested SBP higher than the responsive groumuld be
interesting to investigate more detailed this b@raance the
non-responsive group was mostly formed by low leskl
injury volunteers who had more intact sympatheticvaus
system. However, the SBP was only measured befawe t
protocol application, a limitation to discuss thant.

V. CONCLUSION

After having explored the characteristics of theple
with spinal cord injury interested in practicing osys,
searching for insights to guide protocols to recamthFES-
Cycling, we conclude that a little more than hadftpof our
subject sample (57%) responded to the NMES at itlse f
application, increasing to 71% at the end of owsés$sions
knee extension protocol training.

Among the observed features, the etiology and level
injuries seems to be more associated to resporessen
showing that the subjects with traumatic spinaldciomjury
above T12 level are the best potential candidateES-
cycling.
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