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FES-Rowing Training Guide
About this Guide

The FES-Rowing Training Guide was developed by FESrowing Ltd, www.fesrowing.com. It is
designed for people with Spinal Cord Injury (SCI) to safely participate in Functional Electrical
Stimulation (FES)-rowing training following initial training under the FESrowing™ Training
Programme. This guide details the recommendations and protocols that have evolved to
minimise the risk of injury. This guide also covers the operation and maintenance of the FES-
rowing system and provides a comprehensive background to all known medical
considerations.

44 (0) 77906 770423 or email fes@fesrowing.com.

The FES-Rowing Training Guide was written and illustrated by Rob
reserved and reproduction, in whole or in part, without permissi

Discl
Disclaimer
The information within this guide is not intende e stitute for medical advice. By its
very nature FES-rowing is an intense form of exer d as such is physically demanding.

This risk along with the other
designed to ensure that no h
exercise, by providing sufficien

isks of FES-rowing detailed in this guide are
e of anyone wishing to take part in this form of
articipants to safely manage these risks.

The author accepts no re
associated documentati

illness or injury resulting from using this guide or any

Robin Gibbons
Director, FESro td

Specialist Training Centres

ASPIRE National Training Centre, www.aspire.org.uk
London Regatta Centre, www.london-regatta-centre.org.uk
University of Alberta, Canada, www.ualberta.ca

Draft Version 1: January 2007
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Forward by the Author

This document is the first of its kind that attempts to deal with Functional Electrical
Stimulation (FES) in association with assisted exercise. There have been a number of
significant issues to solve before an attempt could be made to produce a document that is
informative with content that follows health and fithess industry accepted standards, is
correct neurologically, physiologically and that follows NHS protocols medically in terms of
risk management. The mechanics and electrical devises used with the standard Concept2
model ‘D’ indoor rowing ergometer have are approved by the Brunel University Research
Ethics Committee.

The first of the many issues is the fact that rowing coupled to the stimulati
muscles has never been done before. It is cutting edge fitness technology.

group at the University of Alberta, Edmonton, Canada in the early
continued to develop this exciting earlier research when he tg at Brunel

University in the late 1990’s. In functional terms, FES-rowi enin existence in
this country since early 2003 and used practically i i
October 2005.

The adapted Concept2 indoor rowing ergom
such is severely restricted in its available us
liability insurance. A manufacturer is being so
production of a commercially viable FES indoor r stem. In the interim, the availability,
at least in the UK, is being ext involving other university’s working on FES assisted
exercise projects as well as edcou NHS Spinal Cord Injury Centres to adopt this

ion_of people with spinal cord injury.

is a research prototype and as
oved by Brunel University’s
le to take on the design and

Although there has been a_gensi amount of research into the use of an electrical
current to stimulate para [ research is still on-going with new findings being
made from time to time. i niversity research team continue to trial the best ways
to train paralysed [ @/and effective way. The training sections of this guide are
based on the aut
i They are also based on the application of the author’s experience as a
ining instructor. The training errs on the side of safety to minimise

¥y Training Guide should therefore be considered purely as a guide. It is
possible tha new research comes to light, changes to this guide will become necessary.
In addition it is a vast subject. As a consequence, the author would appreciate any
comments regarding the content of this guide from anyone participating in FES-rowing
training or participating health professionals to ensure it is not only up to date, but
meticulously correct in every detail.

Robin Gibbons, Brunel University
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Forward by Professor Brian Andrews,
FES-Rowing Research Lead, Oxford Brookes University

Robin Gibbons has provided an excellent guide for those involved in FES-rowing in the
community following initial training in the research environment. The guide represents an
important step in the further development of FES-rowing that aims to offer future options for
physical exercise, leisure activity and sport for those with spinal cord injury.

Many people with SCI have insufficient fitness to achieve and sustain the exercisg levels that

are known to reduce the risk for cardiovascular disease and type-2 diabetes in th

limbs, there are concerns for overuse injuries. However, exercise |nten5|ty, d limb
loading, can be safely increased by involving the paralysed muscles u

Fhelp prevent or
eted alongside
able-bodied rowers, in mternatlonal indoor rowin Shi r the Qlympic 2,000m
distance. Marathon distances have been attai i ces up to 50,000m
have been officially recorded. Future develo eased performance, an
internet connected club, home-based syste pment of on-water programs.

Brian Andrews, Oxford University

Q&
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Forward by Dr Angela Gall,
Spinal Consultant, Royal National Orthopaedic Hospital

The role of exercise in improving health is well known in the general population. Exercise can
reduce the risks of heart disease, high blood pressure, high cholesterol, obesity and
diabetes. What is also increasingly recognised is that individuals with spinal cord injury are at
greater risk of these conditions. Several scientific studies now have shown that sports and
recreation can offer many physical and psychological benefits to those with SCI who
participate. FES-rowing is one such opportunity and the intensity of the exercise igdividuals
can achieve is higher than any other form of exercise for SCI individuals.

FES-rowing is relatively new and therefore we continue to learn about pos its and
risks from further research. This guide has been carefully developed toen
rowers can move from the hospital / research environment and conti
community and is comprehensive, with safety of prime importance
the benefits this form of exercise and recreation can bring.

Angela Gall, Royal National Orthopaedic Hospital

Q&
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1 Introduction

1.0 Limited Whole Body Training Effect

One of the many issues affecting people who suffer from paralysis is finding ways to keep fit
and active and by so doing, maintain a long and healthy life. In individuals who have
paralysed lower limbs, any sport or leisure activity involves the exclusive use of upper limbs.
The muscle mass in the upper body is small compared to the rest of the body which has
implications for the maximum intensity that can be achieved with an upper body
alone. This limited amount of active muscle mass is also being used for all other
which increase the risk of upper body overuse-type injury. In view of these issues,

muscle-induced lower limb loading also results in a rapid loss of bong :
FES-rowing therefore, offers a choice for individuals with SCI to ad 8 active life style

limb BMD.

Functional Electrical Stimulation
Electrical stimulation of paralysed limbs was Wwas onsidered more than 25
years ago by a few extraordinary scientists. ' ed into the possibility of
using FES for propelling a tricycle, stationar g and even walking. However,
over the years it has become clear that FES also be used very successfully for health

FES will not be for everyone,
activities to choose from, rec
benefits and both involve elect
for those individuals who wish
than just a training guide,
aspects of FES-rowing,

ers it will hold some interest in having two brand new
cllng and rowing ergometry. Both have health

the lower limbs. This guide has been written
rowing. It is hoped that it will become more

of reference, which takes the rower through all

h that has come together over the last few years.

stem and the muscle groups being stimulated are still under
S-Rowing Group currently based at Brunel University. In addition,
ber of manufacturing and production problems to overcome before a
system becomes widely available.

, what has already become apparent is that the present 4-channel FES-rowing
system appears to have very far-reaching health benefits over any other currently available
FES system or activity for people with SCI. In addition, there is a less obvious psychological
and emotional benefit, in that the individual affected is involved in an activity that is an able-
bodied activity! Of even more significance is the fact that the individual also has the joy of an
activity that enables them to use parts of their body that they had previously considered
unusable! It is hoped to run a parallel study into the psychological benefits of FES-rowing in
due course.

Copyright © January 2007 FESrowing Ltd. All rights reserved.
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1.1 Health Benefits

Coronary heart disease, exercise-related diabetes, and obesity
FES-rowing was the result of extensive and ongoing research into finding a means of
improving the general health of individuals with a SCI. It was reasoned that involving more
muscle groups, in theory at least, should to enable an individual with SCI to work out at far
higher levels exercise volume and intensity. The research centred on the hypothesis that if
energy levels were high enough it may be possible for the risk of serious medical conditions
like cardiovascular-related disease to be reduced, and if diagnosed early enough, possibly
even reversed. This would give people with SCI another choice in combating these
debilitating and possibly life-threatening conditions other than by the use of pharfiaceutical
intervention strategies.

in the UK, there are indications that significant increases in energy out
individual has increased oxygen consumption by over 60%, to almQs

Musculoskeletal health

Overuse syndrome of the upper limbs in SCI individual’s is
helped as a result of the unique forces being pr,
uncommon for long-term wheelchair users to
power movements that are required of a wh oth propelling and transferring
require arm extension and the almost exclus scles located on the anterior
side of the trunk. FES-rowing is unique in tha i uires an arm flexion and the use

Of even greater clinical import
particularly in the lower lim [ e BMD especially in the lower limbs. This may lead to

1.2 FES-Rowj

ofessor Brian Andrews co-invented and developed the early 4-

g Sy in the early 1990’s. A rowing modality was chosen as a platform
er body exercise could be concurrently used with FES-assisted lower

S believed that this exercise combination would optimise an individual’s

This early work was supported by a cohort of people with SCI and their friends which
became known as the Spinal Cord Injury Treatment Centre Society (SCITCS). SCITCS
initially set up an FES clinic in the Steadward Centre www.scitcs.org located in the University
of Alberta where they established a commercially available ERGYS FES-cycle system from
the USA in the 1980’s. The ERGYS system was developed by the FES pioneer Gerald
Petrofsky. However, FES-cycling only involves the legs and Wheeler & Andrews sought a
practical whole-body exercise; the history of FES-rowing began.

Professor Andrews brought the initial FES-rowing concept over to the UK and with doctoral
researcher Dries Hettinga continued to develop the idea along with their first FES-rower Rob

Copyright © January 2007 FESrowing Ltd. All rights reserved.
11



FES-Rowing Training Guide

Holiday. Robin Gibbons was the next SCI rower to join the Brunel University research team,
eventually replacing Rob Holiday in May 2003.

The first working prototype FES-rowing system

The first working prototype 4-channel FES-rowing system was completed a year later. It is
this device that was first used by Robin Gibbons and Sol Solomou on 19 November 2004,
when they made history by taking part in the annual British Indoor Rowing Championships

Figure 1: Brune

(BIRC) in Birmingham. This ug system is now being used to establish the first FES-
rowing training program . \
Centre.

1.3 The FES-

ed f@pindividuals with SCI who wish to take part in FES-rowing. Although
earch project, detailed medical and performance records will be kept on

i urately monitor an individual’s progress and response to training. It
assumesithat agfindividual has no previous experience of FES and that they have no more
than averag eelchair fitness.

At the present time, 4-channel FES-roping only involves the stimulation of the quadriceps
and hamstring muscle groups. These and the voluntary upper limb muscles muscle groups
that enable an individual with SCI to row are shown in red and blue respectively in Figure 1.
It is hoped that future developments will incorporate gluteus, soleus, gastrocnemius and
tibialis muscle groups and possibly even the trunk musculature for individuals that have
higher level lesions. These muscle groups are also depicted in red in the illustration below
but appear in parentheses to differentiate them from the muscles that are presently being
stimulated.

Copyright © January 2007 FESrowing Ltd. All rights reserved.
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pectorals major

trapezius, deltoids
and rhomboids
in the upper back

biceps

wrist extensors

and flexors ]
triceps

uadriceps . .
L P (abdominals)
(tibialis) (erector spinae)

(gluts)

(soleus and ]
gastrocnemius) hamstrings

Figure 2: The primary muscle groups useffwhen -row.
Red: FES-activated muscle groups; Blue: voluntar imb cle grotips; Red in parentheses:

future proposed FES-@€tivated muscle

Medical

Chapter 2 covers the medical implications of stimulation. Detailed records will
be kept on all individuals taking part in the FES- gramme to monitor progress
throughout training. These reco ill@lso be used to help confirm the anticipated health
benefits of FES-rowing in futu h studies.

FES-training programmes
The training schedule in Cha performance-based programme. This is due to the

an individual's unique n¢
week, a trainee will owing in approximately four weeks. It is possible in the
case of individual t or complete injuries that some trainees will be able to
commence earlier stage than indicated in the training programme.

motor nerve ginate in the spinal cord. If these nerves are damaged, FES will not result in
a muscular contraction. This could be the case in persons with low-level lesions starting at or
below thoracic vertebrae T10. Such damage can also occur in people with extensive spinal
cord damage below the level of their diagnosed lesion when the lesion is above the T10
level. A simple test will be performed as part of the joining routine to establish an individual’s
response to FES. This test is called a motor point test. Blood pressure and heart rate will
also be monitored throughout the test for signs of autonomic dysreflexia particularly in
individuals with lesions above thoracic vertebrae T6. It should be noted that even if the
electrical stimulation does not initially work, a re-test is recommended as an individual’s
neurology, and therefore response to FES, can change over time.

Copyright © January 2007 FESrowing Ltd. All rights reserved.
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2 Medical Issues

2.0 Ground Breaking Technology

FES-rowing is ground breaking technology. For the first time, an activity is now available for
individuals with SCI to train at exercise intensities approaching those of their able-bodied

counterparts. This requires a method of protecting participants from exercise-induced injury.
In addition, some individuals may find the electrical stimulation very uncomfortable or even
unacceptable. At the present state of development, it is not possible to cater for individuals
who do not respond to electrical stimulation. For individuals with cervical level inj
weak hand and arm function, a procedure involving carers and family members h
successfully employed to activate the channel selection on behalf of the r
3.2). In addition, specialist neoprene gloves with Velcro closure was su
secure the hands to the FES-rowing ergometer handle www.activeh

2.1 Joining Routine

There are risks associated with high intensity exercise for ige [ [. To limit these
risks, anyone wishing to participate in an FES-rowi
instructions which safely guide the individual t

Joining Instructions
These instructions comprise a set of notes to\gui ective rower and the rower’s
GP through the joining routine. In addition, the [
Consent Form which the GP is requested to sign essful completion of the
consultation appointment. Alt e notes are very comprehensive, should an a
concern or a question arise, thevo r should contact Robin Gibbons on 07906 770423
or email robin.gibbons@virgin.

2.2 Initial GP Consultati

and manage these risks appropriately. The following risks are
he family GP (recommendations in bold print):

Wing criteria be carefully considered: family history of CHD, cigarette
smoking, hypertension, hypercholesterolemia, impaired fasting glucose,
obesity and s sedentary lifestyle.

e Males over the age of 45, and females over the age of 50 are deemed to be at
greater risk of a cardiac related incident when participating in high intensity exercise
and should be aware of this. Volunteers who are considered at significant risk are
strongly recommended to undergo a thorough medical examination prior to
volunteering for an FES-training study.

Copyright © January 2007 FESrowing Ltd. All rights reserved.
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The risk of pressure sores and skin marking from sitting on a different surface and / or
transferring on and off the rowing machine. Participants are to observe NHS skin
care management recommendations which will have been discussed by an
individual’s spinal consultant and specialist skin viability nurse.

Whilst individuals with a SCI at or above T6 are taught to recognise the symptoms of
autonomic dysreflexia and where necessary self-treat this condition, they should be
aware that FES can cause this. Participants that are susceptible to this
neurological response or who have a SCl at or above T6 are to ensure they
have a supply of in-date vasodilation medication with them during a motor
point test and if included in a study, ALL subsequent FES-training s€ssions.

Some participants may experience an increase in muscle spasms
and should be aware of this.

safely and effectively. Volunteers must be able to achieve
flexion of both knee joints in addition to a normal
ankle joints.

Transfer on and off the FES-rowing m
strictly observe current NHS transf ommendations.
osteoporosis. Volunteers for
to be referred for a bone
mineral density DXA scan,if there is a a significant risk of osteoporosis
exists in the lower li

There is also an elevat
foot as a consequence
a biomechanical a
recommended
concern a signi

muscle contractions when FES-training during
lunteers for an FES-training study are

a bone mineral density DXA scan if there is a
osteoporosis exists in the lower limbs.

on who may find the stimulation uncomfortable or even intolerable. It is
also not suitable for individuals who suffer from severe autonomic dysreflexia.
In addition it is not suitable for individuals with high-level lesions who cannot
voluntarily fully flex their arms, or for individuals with low-level lesions who
show no response to electrical stimulation.

Although FES-rowing has been used routinely in scientific studies since its début in
1993, to date, no known specific complications have been identified. However, as
more people are becoming involved, it is possible that some side effects or
complications may become apparent. As safety is our prime consideration,

Copyright © January 2007 FESrowing Ltd. All rights reserved.
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participants are asked to report any medical complications or adverse events
that they may encounter during an FES-training study to the supervising
research investigator as soon as practically possible.

On successful completion of the GP or Spinal Consultant consultation, volunteers for the
FES-trained group should counter-sign the GP / Spinal Consultant consent form, and the
Study Consent Form and contact Robin Gibbons at Brunel University on 07906 770423 or e-
mail robin.gibbons@virgin.net to arrange a convenient start date. As the Study Consent
forms are only valid for 6 months, any participant engaged on a longitudinal study will be
asked to give their informed consent by signing subsequent consent forms.

As with any new exercise regime, there will be physiological changes experience
individuals taking up FES-rowing. In some cases these could be far reachi

intervals to highlight any anomalies that need to be addressed.
2.3 Health and Fitness Checks

Two sets of records will be taken. The first will be used to @ nges in the
general health of the rower and the second to highlight cha

Health Data
Detailed records will be kept on the following [ [ rameters initially on joining,
then as indicated in Table 1:

Test / Measurement / Assessment Frequency
Height On joining
Weighty Monthly
Body Mass Index Monthly
Thigh girth Monthly
Resting blood p Monthly
Resting hear Monthly
Monthly
Monthly
Monthly

On joining / Annually
On joining / As required
After every FRS training session

Table 1: Health data records.

The boe

squared. A anges to perceived neurological pain, spasms, upper body muscular discomfort or
pain and upper body joint discomfort or pain will be self reported on a scale of 1 to 10.

It is important that the glucose blood sugar and cholesterol level tests are conducted at the
same time of the day usually during the morning after over-night “fasting” as the levels
change markedly throughout the day, particularly after eating. A bone mineral density scan is
requested, ideally within the month prior to starting FES-Rowing training. Thereafter, a
further scan will be requested a year later to identify any changes to bone mineral density, as
a percentage increase or decrease of the initial reading that has taken place as a result of
the FES-Rowing training.

Copyright © January 2007 FESrowing Ltd. All rights reserved.
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Fitness Data
The second set of records will be taken during and after each FES leg conditioning and FES-
rowing training session (Table 2). This data will help determine any changes in the fitness of

the rower:

Exercise frequency

Stimulation intensity

Total exercise time

Time to achieve 90° knee extension
Muscle strength (Medical Research Council assessment scale)
Knee extension angle

Total distance per training session

Total time

Average split time (time to row 500 m)
Average Watts (power output)

Stroke rate (number of strokes per minute)
Average exercise heart rate

Table 2: Top; FES leg conditioning data col wing data collection.

Heart rate is taken at rest before, and again im .~ As heart rate will change
very quickly after exercise, the quickest way t
seconds if a heart rat

2.4 Personal Checks

Skin condition
It is essential that all participants,i gramme monitor their own skin condition during

and immediately after each F g (Figure 3) or FES-rowing (Figure 4)

session. The main areas to he aw: f during leg conditioning are the knee joint, feet and
ankles, particularly when an [ .

back of legs
(especially when

knee joints hamstring conditioning)

feet and ankles

Figure 3: FES leg conditioning areas of skin vulnerability.

Copyright © January 2007 FESrowing Ltd. All rights reserved.
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During FES-rowing the main areas of concern are the lower legs where the leg support
straps are secured, the shoulders in the seat belt harness contact areas, the lower back and
the buttocks in contact with the seat back and base. The seat base has a thin gel pad as
standard. For most rowers this should be more than sufficient for the 30 minutes row.
However, in participants who are known to suffer from pressure-related ulcers, a thicker gel
pad may be required. In addition, all transfers off and on the FES-rower are strictly required
to be in accordance with current NHS recommended practice. Finally, whilst arrangements
will be in place to help with transfers, rowers should be mindful of their legs whilst
transferring on and off the rowing machine.

seat back

seat base
shoulder harness

\ leg supports

front stop when transferring

Figure 4: Concept2 FE ing machifie areas of skin vulnerability.

Internal damage
Rowers are to check their legs

Effect of electrical
Rowers should b

Neuropathic pain and spasticity

Rowers are asked to be conscious of, and report, any changes in perceived neuropathic pain
and / or spasticity that they experience. A self-assessed scale of 1 to 10 should be used. It is
difficult to predict what the effect of FES has on the intensity and frequency of spasticity;
some FES users might notice an increase in spasticity whilst others notice a decrease. Most
FES users should experience a decrease in spasticity after an FES session as the muscle is
fatigued. Some FES users that experience this condition report a correlation between
neuropathic pain and electrical stimulation.

Copyright © January 2007 FESrowing Ltd. All rights reserved.
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Muscle and joint discomfort or pain
Rowers are asked to report any changes in upper body muscle and / or joint discomfort or
pain, again on a self-assessed basis from 1 to 10.

Autonomic dysreflexia

Individuals that experience autonomic dysreflexia should have the recommended in date
medication available whenever electrical stimulation is being applied. It is essential that any
FES session is terminated immediately if a rower feels a dysreflexia response. In most
cases, cessation of the stimulation should stop the dysreflexic response.

2.5 Physiological Changes

Within a relatively short time after commencement of training, increases in lo

o0 are solely
reliant on their diaphragm for breathing. This of the increased
training effect on the diaphragm and the mu

breathing function.

gh this has not yet been proven clinically, FES-
rowers have reported warmer ing chronic FES-training along with a more natural
skin tone and hydration of the
training to a steady state non-

lactate build up in the rower es is being cleared more efficiently due to improved

retraction. Apalysis of the upper limb rowing action highlights the opposing action to the
action in wheelchair propulsion and wheelchair transfers.

Finally, there are two other peripheral benefits of FES-rowing training. FES-rowers report that
their digestive function appears to have been improved, which may be the result of better
circulation generally coupled to the greater activity levels being maintained. Sleep patterns
also appear to be improved. Again this may be the result of the greater activity levels being
maintained coupled to a more relaxed state after exercising. Whilst these peripheral benefits
are currently anecdotal, it is hoped they will be confirms in future scientific studies.

2.6 Stretching

Copyright © January 2007 FESrowing Ltd. All rights reserved.
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As with any activity involving significant muscle activity, stretching before and after every
FES leg conditioning or FES-rowing session is recommended to prevent injury, maintain
optimal joint range of movement and promote better circulation. This section discusses
recommendations for stretching the muscle groups used when FES-rowing (Figure 5).

pectorals major

trapezius, deltoids
and rhomboicds

biceps in the upper back

wrist extensors
and flexors

quadriceps
triceps

hamstrings
Figure 5: The primary muscles grouthched when FES-rowing.
Red: stimulated lower limb muscles; tary upper limb muscles.
Stretching should be conduct
and connective tissues especi
Stretching feels good when it i
when stretching, enter the and with complete control. Each pre exercise stretch
should be held for 10 to pare the muscles and joints for work and 30 to 40
seconds after exercising joint flexibility. The stretches should be held with just

enough tension to tain al flexibility in the joins being worked. Never try to move
the joint beyond i tural

eme caution to prevent any damage to muscle fibre

y a mechanism called the stretch reflex. If muscle fibres are
erve reflex responds by sending a signal to the muscles to contract; this

a stretch on'@paralysed limb should be done with even greater care.

Standing

If it is possible, standing both before as well as after FES leg conditioning or FES-rowing is
one of the best ways of stretching out the legs. If this is not possible, the legs can be
stretched out in the following ways.

Hamstring stretch

The basic hamstring stretch involves one leg at a time. This gives the rower complete control
over the stretch especially if he or she has little truck stability. Ideally, the toes of the limb
being stretched should be held to deepen the stretch along the back of the leg. The
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alternative technique involves both legs, which also has the advantage of stretching the
lower back too (Figure 6).

Figure 6: Ha
Top left, single hamstring stretch; top righ
single ha

to help flex the foot. The leg is held straight above
the chest, or for those with go ity, over the head. One hand will be needed to

prevent the legs bending at th

Quadriceps stretch
The quadriceps can be g a sitting position. Gently bend one leg backwards
as shown in the followingi Ensure the foot of that leg is not turned outwards to

front of the thigh.
floor. P [ arms Will stretch out the quadriceps muscles of both legs at the
same . [ as the advantage of stretching out the abdominal muscles as well

Figure 7: Quadriceps stretches.
Left: basic quadriceps stretch; right: alternative quadriceps stretch.
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Upper back, shoulder, biceps and triceps stretch

The upper back and arms are ideally stretched out before transferring off the FES-rower
(Figure 8). The trepezius, deltoids and rhomboids in the upper back should be stretched out
by bending forward to lie over the legs whilst reaching down to the floor or foot support. The
biceps should be stretched out by alternatively reaching behind the seat with each arm,
thumbs uppermost. Alternatively holding the shoulder harness or seat back behind the head
with each hand will effectively stretch out the rowers’ shoulders and triceps.

ight biceps; lower left: shoulder stretch; lower
s stretch.

Figure 8: Upper left: upper b up

ht:

y Notice 1: Stretching
Never stretch balistically.

ea re exercise stretch statically for 10 to 20 seconds and
ost€xercise maintenance stretches for 30 to 40 seconds.

d stretch with just enough tension to maintain the natural
flexibility
in the joins being worked.

2.7 Fluid intake and Diet

As with any physical activity requiring significant increases in exercise intensity and volume,
the intake of fluids becomes essential. Rowers should be aware of their level of hydration. By
the time a rower experiences a dry mouth they are already dehydrated! Rowers are
encouraged to have a 500 ml bottle of water readily available to steadily hydrate themselves
as they row.
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Although it is not within the remit of this guide to cover recommended changes to an FES-
rower’s diet, it is recommended rowers maintain a balanced diet. For those exercising
competitively, changes in nutrition will become necessary to optimise exercise potential.
2.8 Psychological Changes

It has become evident that a strong psychological effect results from participating in this form
of centre based exercise. Even without accurate psychological measures, there have been a
number of noticeable positive attitude changes witnessed in virtually every individual who
has taken up FES-rowing. These changes appear to have been brought about to a large
extent by the “feel good” factor of participating in an able-bodied activity.

These feel-good factors are further enhanced by the improve body image, especi
shape of the FES-rower’s legs which has been brought about by the incre

the individual feeling healthier and fitter. Rowers also report feeling
energy and as a consequence are better able to cope with the éai
wheelchair.

Although the psychological effects are beyond
studies will address the psychological benefit

Q&
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3 FES-Rowing System Component Operation

3.0 Introduction

The core of Brunel’s 4-channel FES-rowing system is a standard Concept2 Model D indoor
rowing ergometer and an Odstock 4-channel muscle stimulator. This section covers the
operation and adjustment of the adapted components and Odstock 4-channel muscle
stimulator. It is also hoped to eventually take this activity on water by adapting a rowing scull
with a lightweight variation of the current indoor rowing ergometer adaptations. The design
and operation of this system is beyond the remit of this guide, but will be reporteden the
www.fesrowing.com website in due course.

3.1 Concept2 Ergometer Adjustments

There are two components on the Concept2 ergometer that shouldsbe
prior to a training session. This is particularly important with a deV|c
public venue by multiple users. Firstly, the footplate stretchers

; eased as the fitness
losely representative of the level
ir-dam resistance is

for the novice rower, or high-level cervical inj
levels improve. Level 4 is widely recognized
of resistance felt when on-water rowing. Acc
accomplished via the PM3 computer. Althoug
dependant on the age of the display, the final se

page.

3.2 FES-Rowing System te onent Operation and Adjustment

There are four adapted co ent d to the FES-rowing system: rear monorail height
adjustment unit, front an stopalinits, seat assembly, and leg support unit (Figure
10).

Monorail helght

a rear monorail height of 40 cm. For lesions above C5, a 5° inclination, equivalent to a
rear monorail height of 45 cm, is more optimal (Figure 10).

End stop units

The end stops are sprung-loaded, both to absorb the impact of the seat assembly, and help
assist the deceleration and acceleration of the seat unit in the transition from end of drive to
start of recovery, and catch to start of drive (Figure 10). The end stop positions are
determined by individual rower leg length.
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Adjustment

The spring-loaded end stops are secured to the monorail by a double clamp. The
front end stop is secured when the rower’s knee joint is positioned vertically above
the ankle joint at catch. The spring-loaded rear stop is secured at a point that
prevents the rowers knee joints over-cantering at end of drive. This prevents the
knees ‘locking out”. Consideration should be given to the compression of the springs
at the extreme forward and rearward positions.

seat unit
inclined 15 degrees
rearwards

monarail inclination:
up to C6 4 degrees

C5 and above 5 degrees telescopic leg
support assembly

maonorail height: /
adgusted by rotating

handle up or down

sprung-loaded sprung-loaded

end stop: end stop:

o ! brake Ginit knee joint vertically

joints at end of drive ahove ankle joint
at catch

inclination (45 cm) in inj
centre of the knee jaint drive; the front end stop is secured when the knee joint is

2d vertically above the ankle joint.

row d and arm function. The unit has two sets of rollers; the upper set bear
the we at assembly and rower, the lower set counter lateral and longitudinal
forces e e seat assembly during transfer or forces on the rower during the rapid
acceleratio end of drive and catch.

The seat unit is inclined 15° rearwards to more comfortably support the trunk and prevent the
shoulders taking the full weight and movement of the trunk at the extremes of travel. The
monorail inclination also reduces the shear forces on the rower’s buttocks during changes of
direction. A thin gel seat squab is used on the seat base for pressure relief of the 30 minute
row. Individuals who suffer from pressure sores should consider a more appropriate swab
(see sub-section 2.4).

Seat assembly harness
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The seat assembly supports a harness that comfortably secures the rowers trunk when
rowing. They are a two-strap design similar to a rucksack and are suitable for female, as well
as male rowers. The upper straps are secured at the top of the seat back frame, and the
lower straps onto the seat back frame just below the rower’s shoulders. A horizontal front
strap holds the two shoulder straps the correct distance apart. This design allows the rower’s
shoulders to safely support the trunk during the high horizontal forces during drive.

Adjustment
The harness is adjusted via rucksack-type buckles on the shoulder and horizontal
straps.

Seat assembly brake unit
The seat assembly brake, located on the right-hand side of the seat asse

rower to interval train (see sub-section 4.2). When interval training, the
the rower to lock the seat at end of drive when the novice rower wish
FES-rowing to arms-only rowing. This position enables the rower t0

arms-only exercise with the handle clear of the rower’s knees bra
the brake handle upwards, and released by pushing the h e W

brake applied when seat assembly
reaches the rear end stop

on rear end stop
= o o
‘ll‘ |

off |\
\ /

brake

%rey: Seat assembly brake unit operation.
yportinit

secured to the rowers’ legs below the knee, but above the broadest
sectio uscle, by Elasticated Velcro closures. The cushioned pads are hinged to
a telescog at accommodates the change in distance of the lower legs as the rower
moves backwards and forewords along the monorail (Figure 10). Under no circumstances
should the telescopic leg support assembly be used to pull the seat assembly forward on the
monorail; this action will result in assembly failure.

Adjustment
The cushioned pad straps should be firmly secured with the Velcro fasteners, but not
so tight to cause a restriction in circulation, or skin damage.

3.3 FES-Rowing System Maintenance
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The FES-rowing system integrity should be routinely checked prior to a training session. Of
particular importance is the condition of the seat harness and the cushioned leg support
strapping on the end of the telescopic legs support unit. Any defects should be reported to
Robin Gibbons on 07906 770423 before using the equipment.

Safety Notice 3: FES-Rowing System

Ensure adequate clothing to protect the skin of the shoulder from chafing on
the seat belt straps. If necessary, extra clothing or belt covers can be used to
ease pressure under the straps.

Extreme caution should be exercise
Rowing machines. For individuals
attempted with their career present.

instructor knows

ing on and off the FES-
ansfer should only be
r rowers, ensure a gym

A thick towel is to be u e front stop and monorail when transferring
on and off the rowing '

Also ensure adeqg t from a stable wheelchair whilst transferring.

Under no circug
pull thems the monorail, otherwise failure of the telescopic

joint could result.

systems should only be used as detailed in this guide.
is individuals who have been approved to join the FES-
amme, or who have graduated from the programme and who
under instruction or being supervised by an appropriately
trained fitness instructor.

The Odstock 4-Channel Muscle Stimulator

The 4-channel Odstock 04CHS muscle stimulator is used for both FES leg conditioning and
FES-rowing (Figure 12). Under no circumstances should the stimulator be used on the upper
limbs or trunk. The stimulator has two sets of controls, one internally under the battery, the
other external. The most important of the internal controls comprise the frequency and pulse
width of the stimulation. This will be pre-set at 50 Hz and 450 us respectively, and should not
be changed.
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intensity controls

AlB indifferent electrode
switches \
I
4 CHANNEL . . . .
STIMULATOR C::>><::>>
AlB A|B
SWITCH
1 2 CONJALT 1 2 3 4
O® =00 0@

CON/ALT

switch 2 switch

to thumb switch
on 'T hand bar active electrode

Figure 12: Odstock 4-channel muscle stimulator. @

Note: only one set of elect e shWrity.

battery is located under a

Battery

The stimulator is powered by alkaline 9-Volt
sliding cover on the back of the stimulator. Wit use, the power output will drop
significantly as battery runs down. Jhis will have ental effect of muscle conditioning.
It is recommended the PP3 ba; anged every 4 weeks particularly when maximal
intensities are being used. A main red adaptor is being sauced.

battery.
tinu

Intensity controls
The four intensity controls t th litude or intensity of the stimulation of each channel
by rotation of four channglco linearly from 1 through to 9. Level 9 is equivalent to 115

maA.

A/ B switches

lator programme controls stimulation to the four channels at 5 repetitions per
leg per minute or one repetition every 12 seconds.

Some participants experience induced contraction in muscles not being directly stimulated.
These co-contractions can affect the training of the quadriceps muscles being conditioned.
To prevent this occurring, quadriceps muscles are conditioned first. During quadriceps-only
conditioning, only channels 2 & 4 are used. This allows alternate knee extension ensuring
better balance whilst leg conditioning (Figure 14).
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Once 90° knee extensions are possible for 10 minutes, hamstring conditioning is integrated
into the training sessions. When stimulating quadriceps and hamstrings, channels 1 & 2
stimulate the left hamstring and right quadriceps and channels 3 & 4 stimulate the right
hamstring and left quadriceps (Figure 15). In this configuration, one leg extends whilst the
other flexes ensuring optimum balance whilst exercising. The level of the stimulation given to
the hamstrings is limited to level 6 (or at least 2 levels below that of the quadriceps) to
minimise unwanted co-contractions and to prevent tissue damage due to the hamstrings
working isometrically; that is they are under contraction without associated joint movement.

CON/ ALT switch b_Oth A/B
to ALT 4 CHANNEL ® ©® @ @ | swiichesto A
STIMULATOR =, =,

SWITCH

right quadriceps left quadriceps
Figure 14: Stimulator controls n quadricgps only conditioning.
A
CON / ALT switch both A /B
to ALT 4 CHANNEL | 3N BN BN ) switches to A
STIMULATOR C})@
AlB A
SWITCH
1 2 COM/ALT
O e c>/o
left hamstring % left quadriceps
right quadriceps right hamstring
Figu timulator controls when quadriceps and hamstring conditioning.

CON/ALT switch: FES-rowing

During FES-rowing, the CON / ALT switch is selected to CON. In this configuration, a bi-pole
thumb-activated switch mounted on the ergometer handle is connected to the stimulator via
the “switch 2 socket” (Figure 16). The handle mounted switch enables the rower to select
appropriate channels. Pressing the switch selects channels 3 & 4 activating the quadriceps
muscles, and releasing the switch selects channels 1 & 2 activating the hamstring muscles.
In individuals with limited or weak hand function, “attendant” switching has been successfully
employed to remotely select appropriate channels in sync with the rower’s voluntary upper
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limb pulling action. With minimal instruction, this protocol produces a similar rowing action to
that of an individual with full upper limb function.

CON / ALT switch
to CON

both A/B
switches to A

4 CHANNEL
STIMULATOR

0 e
U e

=
@
=
m

to tumb switch on
'T" hand bar -

NI ‘kg

left hamstring right quadriceps

right hamstring left quadriceps

Figure 16: Stimulator controls when FE

Interval training
The brake located on the right-hand side of the
from FES-rowing to arms-only rowing. As the
to B, which de-selects channels 1 & 2 to the
the hamstring muscles will be continuously s
mounted switch is a bi-pole design; that is rel
stimulation the hamstring muscle group. There
the hamstrings will remain selectedhand therefore ¢
premature hamstring muscle fatigu

5 the rower to transition
B switches are selected
. If this action is missed,
the fact that the handle

h selects channels 1 & 2

/ B switches are not selected to B
uously stimulated resulting in

ulated due
ing the s

bothA/B
switches to B

CON/ALT switch
to CON

4 CHANNEL oo o0
STIMULATOR e

to thumb switch on AP AP

'T' hand bar S
1 2 CONJALT 1 2 3 4
\ gﬁ i *kg
Q left hamstring right quadriceps

right hamstring left quadriceps
Figure 17: Stimulator controls when arms-only rowing.

When the brake is released, the A / B switches must be selected to A, allowing the hamstring
muscles to be stimulated when the handle mounted switch is released. Failure to select A will
result in both quadriceps and hamstring muscle groups being stimulated when the handle
mounted switch is pushed. Although this is not harmful, the rower will experience a severe
drop in performance as the hamstring muscles will contract with the quadriceps
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Electrodes

The electrodes are connected to the stimulator via leads that are plugged into each of the 4
sockets on the front of the stimulator. Seven centimetre adhesive electrodes are attached to
the rower’s legs which should be prepared with a damp cloth to remove any oil-based
moisturising cream or dead skin.

Odstock 4-channel muscle stimulator operational limitations
The Odstock 4-channel muscle stimulator should only be used as instructed or as described
in this guide. Its use is strictly limited to the stimulation quadriceps and hamstring muscles. In
addition, the precautions in Table 3 should be observed when using the Odstock 4-channel
muscle stimulator.

1 Avoid handling the electrodes while the intensity controls are swi

path is directly across the chest. Always turn off the int€
before the electrodes are removed.
2 Do not use the stimulator in the vicinity of water,

removed. Do not use skin cream
sites.

4 A slight reddening of the skin un
fade after an hour once the electr

is normal. This should
removed. If stimulation

advice.
5 Do not place elec broken skin or shave the area under the
electrodes as this skin irritation.
In some cases spa ffected by the electrical stimulation. If

the exercise and seek medical advice.
operate dangerous machinery or drive while using the

12 Do not use with implanted electronic devices such as cardiac demand
pacemakers, without specialist medical supervision.
13 Not to be used by individuals who have poorly controlled epilepsy.

Table 3: Precautions when using the Odstock 4-channel muscle stimulator.
Extract from the Odstock 4-channel Operation Manual.

Maintenance
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Apart from checking the electrical leads that connect the electrodes to the stimulator, there is
no maintenance to do except to replace the PP3 batteries. Regular checks should be made
on the condition of the adhesive surface of the electrodes. Both of these items will make
significant reductions in performance if neglected. In addition, it is possible to theoretically
damage the skin if the fabric of the electrode makes direct contact with the skin.
Replacement electrodes can be purchased at cost from Brunel University. Please contact
Robin Gibbons on 07906 770423.

Do not use a stimulator that either fails or develops a functional abnormality. The fault should
be reported to Robin Gibbons on 07906 770423 in the first instance. For further information,
contact the Department of Medical Physics and Biomedical Engineering, Salisbui District
Hospital, Salisbury, Wiltshire, SP2 8BJ. www.salisburyfes.com.

Safety Notice 5: Stimulator Safely

Do not use a stimulator that either fails or develops a func
Any failures should be reported to Robin Gibbon

old the plugs when removing the leads.
Do not pull directly on the electrical leads.

Do not use if pregnant, or pregnancy suspected.
Do not use with implanted electronic devises.

Not for use by individuals who suffer poorly controlled epilepsy.

3.3 Electrodes

Motor point test

Optimal muscle contraction is achieved by electrically stimulating an area called the motor
point of the muscle (Figure 18). This is an area on the skin close to a point where the
peripheral nerves enter the muscle belly.
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The exact location of a motor point differs from individual to individual and from one leg to the
other. This point will initially be determined by a researcher or FES-trained physiotherapist. In
some individuals locating the motor points can be problematic, particularly if excess fat
underlies the skin. It is also recommended having the motor points being periodically
checking as they can move as muscle bulk increases with regular FES-training.

approximate position
of motor point of
quadriceps muscle

group .
quadticeps / hamstring
O @ muscles back
T

muscles front (] O/ f thigh
/ of thig

of thigh
approximate position
of motor point of
hamstring muscle

group S

LS B

g

uscle motor points.

Figure 18: Location of quadriceps

Quadriceps electrode placement

The indifferent electrode (red lead) is placed
electrode (black lead) is placed anterior-latera
point of the muscle (Figure 19).

o5

active electrodes
quadriceps @ O/ {black lead) \O ® hamstring
muscles ——. ~_— muscles

oo\ /OO

indifferent electrodes
(red lead)

LS

)

Figure 19: Quadriceps and hamstring electrode placement.

The active (black) quadriceps electrode is place anterior-laterally above the knee; the
indifferent (red) quadriceps electrode is placed laterally above the motor point of the lateral
quadriceps muscle. The active and indifferent hamstring electrodes are place posterior-
centrally above the knee and mid thigh respectively.

Hamstring electrode placement
The indifferent electrode (red lead) is placed posterior-centrally above the knee (Figure 19).
The active electrode (black lead) is placed posterior-centrally over the centre of the muscle
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belly, approximately 5 cm above the indifferent electrode. Regular checks should be made
behind the leg when hamstring conditioning to prevent any pressure related skin breakdown.

Safety Notice 5: Electrode Handling
Never place electrodes over broken skin.

Never use damaged electrodes as they could result in
burning of the skin.

Regularly check the skin behind the leg for marking
under the electrodes and leads when sitting.

35 Setting up the Odstock Muscle Stimulator

The present stimulator, the 04CHS supplied by the Medical Physi
District Hospital www.salisburyfes.com has 4 amplitude or j
view of the anticipated diversity of participants’ physiologie
which their paralysed muscle adapts to electric i
for the setting up of the stimulator are recom
guidelines only.

ctions that are given
should be used as

The stimulator is set up slightly differently dep
strengthening or FES-Rowing. There are interna ocated under the 9-volt battery
compartment at the back of the sti r. These are pre-set and should not be touched. The
external controls located on th&fro he stimulator are set up as follows.

3.6 FES Leg Conditionin

This phase is best achie [ sitting position or a lying down position on a bed or
couch with lower legs hangin e edge. During the Introduction to FES leg conditioning
Phase 1 (Figure 21 y rfCeps muscles are stimulated. In individuals who have

egular leg strengthening, movement will eventually be
has been reached, the rower should progress to FES leg
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CON/ALT switch b.oth A/B
to ALT 4 CHANNEL { 3 BN 3N switches to A
STIMULATOR 5, =)

SWITCH
1 2 CONJALT

O @ &

right quadriceps left quadriceps

Figure 21: Stimulator controls when initial FES leg condi

and integrate hamstring strengthening. It should be reme
muscles are far stronger than the hamstrings, so. [

contraction: that is, they are being prevented
minimum intensity level to just contract the
workout, progress to Leg Strengthening Pha
external controls on the stimulator should be s

A .

mulated, only the
used. For the maximum

g weights. In all phases, the
S:

CON / ALT switch both A/ B
[ I ) switches to A

to ALT 4 CHANNEL

®e®
STIMULATOR ;) =,

=
left hamstring y % left quadriceps
right quadriceps right hamstring

Figure 22: Stimulator controls when FES leg conditioning
Phase 2 & Phase 3

Note 1
Use the minimum intensity level to achieve a contraction of the quadriceps muscles.
Movement of the lower leg is the secondary aim.

Note 2
Use the minimum intensity level to achieve a good contraction of the quadriceps muscles to
initiate movement of the lower legs. As the muscles become fatigued, the intensity controls
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can be gradually increased up to level 9 to continue to raise the legs for as long as possible.
As the muscles become trained, a lower level of intensity will enable the same leg
movement. The aim eventually is to achieve a straight leg extension.

Note 3

When leg strengthening in a sitting or lying down position, the hamstrings are under an
isometric contraction; that is, they are being prevented from moving when stimulated. In view
of this, only the minimum intensity level should be used to cause a just noticeable contraction
of the muscle. As a guide, the intensity controls for the hamstrings should be set at least two
levels below those controlling the quadriceps.

3.7 FES-Rowing

The quadriceps muscles are significantly larger and stronger than the hams es.
The significance of this is that relative intensity levels will differ markeg penda the
muscle group being stimulated. For guidance, set the hamstring inte levels below
those of the quadriceps. The following settings should be used:

P N
bothA/B

switches to A ‘

CON/ALT switch
to CON

4 CHANNEL
STIMULATOR

U e
0 e

>
w
=
s

to tumb switch on

'T" hand bar swien
1 2 CON/ALT 1 2 3 4
8;) i qu
left hamstring right quadriceps

right hamstring left quadriceps

v
lator controls when FES-rowing.

the hamstring muscles will not be strong enough on their own to pull
position. In view of this and to avoid over-stimulation, intensity
lower than those of the quadriceps. As a guide, the hamstring intensities
els below those of the quadriceps.

It should be embered, when arms-only rowing, Channels 1 & 2 should be switched off by
positioning the A / B switches to position B.
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both A/ B
switches to B

CON/ ALT switch
to CON

4 CHANNEL oo o0
STIMULATOR
(= G

to thumb switch on AE AP

'T" hand bar Switen

left hamstring right quadriceps

right hamstring left quadriceps

Figure 24: Stimulator controls when arm-only r

Note 3
Use the minimum level of intensity to achieve a good contra ceps muscles.
As the muscles become fatigued, the intensity controls ca ased up to level
9 to continue to raise the legs for as long as possi muscle trained, a
lower level of intensity will enable the same le

3.8 Clothing

Although any comfortable sports clothing may w in, there are a number of
practical issues to take into account, It is recomm at shorts be worn, as they will give
the best access to the legs for ent of electrodes. In individuals with high lesions
that have vertebrae that protr d body warmer is strongly recommended to protect
the skin covering the area in c at back. Rowers should also be cautioned on
the wearing of too much clothi pid increase and sustained high temperatures
experienced as a result of In addition, if not wearing tops with sleeves, wrist
bands may be required re dvertent shorting out of sweaty arms against the
electrodes on each leg!

Footwear giving prot nd support, particularly to the ankles, is also strongly
recomm e movement and pressure being generated through them as a result
of th i

Fina rongly recommended to bring with them a thick towel to cover the front
stop a ilduring transfers on and off the rowing machine, and a damp cloth to clean

and damp legs prior to the placement of the electrodes.
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4 Training Programmes

The way paralysed muscle adapts to electrical stimulation is still being researched. What has
become apparent is that it appears easier to train paralysed muscle for power rather than
endurance. A paralysed muscle can still deliver significant power, but will have minimal or no
endurance. FES muscle conditioning is aimed at both muscle growth and increased
endurance while maintaining muscle power. The response of the paralysed muscle to
electrical stimulation will ultimately determine at what point an individual enters the training
programme.

an individual will be able to row. In addition, training sessions are designe
individual to gradually build up the time that they are exposed to the electri
particulary in individuals with very weak muscles through disuse or i
from autonomic dysreflexia. The period that the individual is exposg
stimulation can be increased as the skin becomes used to the stim
electrode gel. Also, in individuals with part sensory impairmeg

endorphins released as a consequence of the sti ion. In indivi fdind the
stimulation uncomfortable, training sessions ¢ i i
gradually increased over a period of a few mi
sensory habituation occurs. In view of these ing programmes should be
used as a guide.

Muscle fatigue and electrical sti
One phenomenon of electrical st
to contract at the same time.
will fatigue earlier. Apart from t
the leg cannot rise to the horizé
and as such the point at whi

bn is that it causes all muscle fibres being stimulated
ance of this is that the electrically stimulated muscle

ion phase of leg strengthening, the point at which
he point used to determine the point of failure
ise should be stopped.

ond well to electrical stimulation. With this in mind, the
into two separate phases: leg strengthening and FES-

Quadriceps can be considered the “engine” in rowing. These muscles are conditioned first t
This first phase is purely for the benefit of individuals who have serious atrophy of the leg
muscles. Initially, only a mild contraction may be experienced which is not sufficient to raise
the lower leg. However, this will be sufficient to begin the strengthening process. Eventually,
after several sessions, leg movement should be experienced. The aim of this initial leg-
strengthening phase is to achieve a 90-degree lower leg raise. As a reminder, the external
stimulator controls are set as follows:
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CON/ ALT switch b_oth A/B
to ALT 4 CHANNEL L 2 B BN switches to A

STIMULATOR =)
AlB AIB

SWITCH
1 2 CONJALT 1 2 3

Ce 000 @

right quadriceps left quadriceps

Figure 25: Stimulator controls quadriceps-only C€

Exercise Quadriceps can be conditioned fro
In leg conditioning ATL
stimulation currents to

Endurance  Maximum 10 minutes [ ntil no contraction of the
quadriceps muscles is [

Frequency
Stretching fore and after each training session

mended (see sub-section 2.8).

uadriceps-only conditioning.
Quadriceps and

The exte im are set up as in FES leg conditioning Phase 1, except that
intens;j & e used for the hamstring muscles as follows:
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hoth A/B
switches to A

CON / ALT switch
to ALT

4 CHANNEL LA B N

STIMULATOR )
AB AlB

SWITCH
1 2 CONFALT 1 2 3 4

left hamstring left quadriceps

right quadriceps right hamstring

Figure 26: Stimulator controls quadriceps and hamst

Exercise Quadriceps can be conditioned from
In automatic mode (ALT) the stimul
per leg per minute. Proce
conditioning when 90°
minutes.

Endurance Maximum 60 minutes
legs is experienced.

Frequency Three sgSSio r week with at least one day off in between
session

ch legs by standing for 10 minutes before and
ea ining session.

Stretching

n ceps and hamstring conditioning.
Safety Notice no: Leg Conditioning
re legs are rising in the correct sagittal (forward facing)

plane to avoid unnecessary wear of the knee joint.

Continuously check for any abnormalities in the legs
particularly the knee joint.

Ensure adequate cushioning underneath the legs.

Ensure footwear provides adequate foot protection
and ankle support.

Regularly check the skin behind the leg for marking
under the electrodes and leads when sitting.
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4.2 FES-Rowing

Before discussing rowing training a description of the FES-Rowing technique should be
given.

Initial adjustments to the FES-owing system prior to training
As a reminder, the following adjustments should be made prior to rowing:

Seat back (1) Set for shoulder height

Seat back (2) Set for distance from seat

Resistance Initially 2 (4 is rowing standard resistance)
Foot plate 1 to 2 holes showing depending on foghsize
Front stop Lower leg vertical

Rear stop Knee joint not ‘locked out’

Rear height of ralil 35cm +/-5cm

.

initial flywheel resistance 2

seat back adjusted .
{4 nornal setting)

to rowers shoulder height

seat back to
seat base distance

initial height of monorail

set at 35cm
rear end stop set so knees foot plate strap
do not lock out _ front end stop set so knee joint
at full leg extension above ankle joint

-

re FES-rowing system adjustments prior to training.

FE jue
Inevitak as any adaptation may be, it can never accurately replace the body’s own
natural . At the present time, the only muscle groups being stimulated are the

qguadriceps apd hamstrings. This, and the nature of the stimulation, makes for very jerky,
mechanical-like movements of the legs.

In addition, it is estimated that the work load ratio of the upper body to lower body of the
adaptive rower to that of their able-bodied counterpart, is reversed at 60% arms to just 40%
legs at best. In individuals with higher neck lesions, it is estimated to be closer to 50%. The
significance of this is that the adaptive rower cannot overlap leg extension with arm flexion;
otherwise their legs would collapse. Furthermore, in people with high lesions, movement of
the trunk cannot aid the rowing action as in the case of an able-bodied rower.
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Clearly, rowers will develop their own unique technique, but as a guide the adaptive rowing

technique will be leg extension followed by arm flexion where the leg extension is controlled
by pressing the thumb control on the ‘T’ bar handle of the rowing machine. With practice, a

reasonably fluid rowing action can be found!

Interval training
The physiology, circulation and response to electrical stimulation in some individuals will
prevent non-stop exercise of the legs. In these circumstances, the rower can adopt a split
exercise regime. This involves using a combination of FES-Rowing and arms-only rowing.
This is achieved mechanically with the use of the seat brake. See Chapter 3 section 3.1 The
Prototype FES-Rowing Machine / Seat Brake. Electrically, it is achieved by switc
Channels 1 & 2 supplying the hamstring muscles by switching the A / B switches
B. See Chapter 3 section 3.2 The Stimulator / Interval Training.

both A/B
[ BN J switches to A

CON / ALT switch
to CON

4 CHANNEL
STIMULATOR

be
0 e

>
[}
=
@

to tumb switch on
"T" hand bar swiren

R E WYY &%8

left hamstring right quadriceps

N

right hamstring left quadriceps

Figure 2 r controls when FES-rowing.
>N
CON/ ALT switch both A/B
to CON 4 CHANNEL L 2K BN BN switches to B

STIMULATOR

to thumb switch on
'T" hand bar awien

‘ 1 2 CON/ALT 4
oy =
left hamstring y % right quadriceps

right hamstring left quadriceps

Figure 29: Stimulator controls when arm-only rowing.

Lactic acid

It is anticipated that most rowers will require engaging in an interval exercise regime, as this
gives the legs time to clear the amount of lactic acid which builds up as a consequence of the
muscle contraction combined with poor circulation. Initially, the target is distance in rowers
with weak legs relative to strong arms and shoulders. As the legs get stronger with better
endurance, the aim is to switch to time in the interests of the overall health benefits.

Copyright © January 2007 FESrowing Ltd. All rights reserved.
42



FES-Rowing Training Guide

Fluids

Although energy levels at early stages in training are relatively low, as the distances and
times increase the requirement to replace fluids becomes more critical. Rowers should
ensure that they have water available and remember that when their mouth feels dry, they
are already dehydrated!

4.3 Basic FES-Rowing Training Programmes

A rower’s physiology, susceptibility to spasms and the ability of their paralysed
adapt to electrical stimulation will be central to how far or for how long they will b
row. For example, it is possible that an individual is able to row non-stop fr

are completely flexible and should be used as a guideline only.
Programme Regime

Beginners 15 sec FES-Rowing / 15 sec

1 30 sec FES-Rowing / 30 se 2000 m
2 40 sec FES-Rowing / 20 sec 2000 m
3 50 sec FES-Raqwi sec arms-only rowing 2000 m
4 Non-stop FE 2000 m
Frequency Thre Ssio er week with at least one day off in between

se

d shoulders before transferring off the rowing machine

Stretching tret

as fo
eps: alternately reach arms behind seat just below shoulder height

witl’thumbs uppermost for 40 seconds.
Upper back: lying over straight legs, reach down towards the floor for
40 seconds.
If possible, stretch legs by standing for 10 minutes immediately after
each session.

Resistance The resistance of the flywheel should initially be set at level 2. Level 4
is widely recognized as the level of resistance that most closely

represents that which is felt whilst on-water rowing.

Table no: FES-rowing training programme.
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Safety Notice no: FES-Rowing Training

Extreme caution should be exercised
when transferring on and off the rowing machine.

A thick towel is recommended to cover the
Front stop, footplate and monorail whilst transferring.

ensure adequate support from a stable wheelchair
When transferring.

Ensure channels 1 & 2 are switched off by positi
the A/ B switches to position B when engage
the arms only phase of interval trajgifg

Ensure footwear provides goo
Continuously check for
especially t

Check skin im after rowing for any marking around
re the leg supports are secured,

and all areas i tact with the seat and seat back.

e skin behind the leg for marking
des and leads when sitting.

owing Training Programs

he rower should aim to increase their rowing sessions to 30 minutes.
ce the rower has achieved the initial 1000 m, they should switch to timed

Programme Regime Endurance
1 30 sec FES-Rowing / 30 sec arms-only rowing 30 mins
2 40 sec FES-Rowing / 20 sec arms-only rowing 30 mins
3 50 sec FES-Rowing / 10 sec arms-only rowing 30 mins
4 Non-stop FES-Rowing 30 mins
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Frequency Three sessions per week with at least one day off in between
sessions.

Stretching Stretch arms and shoulders before transferring off the rowing machine
as follows:

Biceps: alternately reach arms behind seat just below shoulder height
with thumbs uppermost for 40 seconds.

Upper back: lying over straight legs, reach down towards the floor for
40 seconds.

If possible, stretch legs by standing for 10 minutes i [ after
each session.

Resistance The resistance of the flywheel should initially, e vel 2. Level 4
is widely recognized as the level of resistance
represents that which is felt whilst on-w;,

Extreme caution
when transferring on a g machine.
A thick towel is recom cover the
Front stop, and monorail whilst transferring.

ensure te ort from a stable wheelchair
Wh sferring.

2 are switched off by positioning
hes to position B when engaged in

se if any contraindications in heart function
or a dysreflexic response are experienced.
footwear provides good foot protection and ankle support.
Continuously check for any abnormalities in the legs
especially the knee joints.

Check skin immediately after rowing for any marking around
the lower legs where the leg supports are secured,
and all areas of skin in contact with the seat and seat back.

Regularly check the skin behind the leg for marking
under the electrodes and leads when sitting.

4.5 High Performance FES-Rowing
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As with any sport, to get maximal performance it is recommended a rower cross-train. The
two most complementary activities to take part in are swimming and weight training. The
combination of these activities provides a variety of differing actions through the shoulder
girdle, which will help to stabilize and strengthen all associated joints.

Swimming

Where swimming is concerned, a backstroke style provides the greatest benefit as it not only
strengthens the muscles of the shoulder joint, but also helps to keep the flexibility in the
shoulder’s universal joint. Having said that, any swimming style is good all round exercise,
particularly in view of the fact it does not cause impact damage to tissues. A 30-minute swim
three times a week is recommended to optimize the benefits of the exercise.

Weight training
All the usual muscle groups of the upper body can be worked on using an

is not possible, reduce the weight further.
Once again, to optimize the full benefit of this e
are recommended. For further advice contac
are:

e Bicep curls / triceps pushes

e Lateral pull downs / der press
e Armrow/ches

e Pec deck pr be er fly’s
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5 Record Keeping

FES Instructors / Supervisors at the ASPIRE National Training Centre and the
London Regatta Centre are responsible for keeping records of all trainee rowers,
which will then be held by the Team Captain / FES-Rowing Instructor at ASPIRE.
These records will be used, with the permission of each rower on the training
programme, by Brunel University and the ASPIRE National Training Centre to
evaluate the performance of all rowers, and by so doing help to prove the health
benefits of FES-Rowing. This data will then be used to promote the activityito other
spinal units and eventually the mainstream leisure industry.

51 Health Data

define the changes in health of the individual as a res in adaptive
rowing exercise. The monthly, self-analysed personal cted by the rower
will also be integrated into these records, in ) eck of skin condition

Overall height
Overall weigh
Body mass in monthly
monthly
monthly
monthly

opathic pain monthly self-assessed 1 to 10

ms monthly self-assessed 1 to 10

Muscular discomfort or pain monthly self-assessed 1 to 10
Joint discomfort or pain monthly self-assessed 1 to 10
Glucose blood sugar 6-monthly

Cholesterol 6-monthly

Bone mineral density annually
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Skin condition after every session
5.2  Fitness Data
The second set of records will be taken during and after each leg strengthening and
FES-Rowing training session. This data will be presented on Leg Strengthening and

FES-Rowing Fitness Data forms. See Annexe C and D. This data defines the
changes in fitness of the rower:

Total distance per session
Total time
Split time (the average time to travel 500m)
Watts (power output)

Stroke rate (number of rowing S p

Average working heart rate

Q&
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