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Spinal cord injuries are far more 
common than you might think. 
Worldwide, somewhere between 
250,000 and 500,000 people acquire a 
spinal cord injury every year. A car crash, 
a fall, or even an act of violence – all of 
these things can bring about an instant 
and massive change in someone’s life.

Spinal cord injury affects people in more 
ways than just removing the ability to 
walk. The lack of activity causes the 
legs to lose strength, while both bones 
and muscles reduce in density. The act 
of standing and walking requires the 
legs to support the entire body weight 
and thus places a significant amount 
of pressure and loading on leg bones. 
Once this loading is gone, the body 
reacts by thinning out the unused 
bones – which in turn leads to a much 
higher chance of fractures. This effect 
is also seen in astronauts, where the 
long periods of weightlessness cause 
a similar lack of loading and thus bone 
density and muscle loss.

This is no surprise to those working 
in the field, such as Professor William 
Holderbaum and his research team at 
the University of Reading. ‘People with 
paraplegia (those who have complete 
paralysis below the chest) often have 
weakened lower limb bones due to 
the total loss of leg movement,’ says 
Professor Holderbaum. ‘This leads to 
a reduced quality of life. The increased 
risk of fracture while performing daily 
activities such as transferring from and 

to the wheelchair may result in lengthy 
hospital stays. Additionally, such bone 
fractures significantly increase health 
risks and impact life span.’

The team of researchers is developing 
a therapy that will minimise this bone 
density loss, immensely improving the 
quality of life for those with paraplegia. 
As of yet there are no widely accepted 
ways to prevent or reverse this loss 
of bone density; pharmaceutical 
approaches do exist but tend to have 
significant side-effects. However, it 
is possible to slow density loss by 
simulating the typical forces caused by 
walking in a healthy subject. There are 
several ways to provide these forces, 
but one of the most effective is for the 
individual to stand up and shift their 
weight around.

Standing Tall

It seems unlikely for someone with 
paraplegia to stand, yet technology has 
been available for many years to allow 
this. Known as ‘functional electrical 
stimulation’, or FES, the process uses 
electrical stimulation to induce muscle 
contraction. 

In a typical muscle, nerve signals trigger 
the activation of an electrical impulse 
within the muscle filaments – this 
causes contraction of the filaments and 
thus contraction of the entire muscle. In 
FES, electrode pads are placed over the 
muscle to be activated and transmit a 
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A research team at the University of Reading is helping people with 
paraplegia to stand, using electrical stimulation and high-tech 
exercise platforms to prevent long-term decline in bone and muscle.

low-energy electrical pulse. This pulse 
activates nearby nerve cells, which 
then transmit signals that activate the 
associated muscles. FES works in both 
healthy people and in those with spinal 
cord injuries – the injury does not take 
away the required nerve and muscle 
cells but merely removes the person’s 
ability to voluntarily control them. 
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For a person with paraplegia, the FES 
system allows the main leg muscles to 
become activated, which has the effect 
of locking the legs in the extended 
position. Once this is done, the person 
can lean their upper body backwards 
to bring their centre of mass behind 
their back – in essentially an inverted ‘C’ 
shape. This creates a stable balanced 
posture that allows a person with 
paraplegia to stand upright, controlling 
their balance with upper-body 
movements.

There are some downsides to this 
technique, however. Electrified 
muscles do not rest and will begin to 
suffer fatigue, meaning that they will 
eventually fail to hold the locked-leg 
position required for standing. Many 
different approaches have been trialled 
to reduce muscle fatigue, ranging from 
changing the format of the electrical 
signals, shifting postures and activating 
specific muscles in different orders.

Framing the Solution

It is at this point that the Professor 
Holderbaum and his research team 
enter the picture. Their goal is to 
improve the currently available 
treatment of patients with paraplegia by 
more effectively slowing bone density 
loss. To do this, they have created one 
of the most advanced FES exercise 
platforms currently in use. 

The platform is equipped with a number 
of sensors that measure the forces 
applied by the user. A motion capture 
system, similar to those used in the film 
industry, can record and reconstruct 
the current body position of the user. 
Using this data, a computer calculates 
which muscles to activate and when – a 
purpose-built FES device created by the 
team can activate up to 16 muscles at 
once to help users hold their balance 
and perform exercises. 

A skiing video game demonstrates 
the current body posture and exercise 
output. This not only keeps users of the 
system entertained during the program 
but also provides instant feedback to 
ensure that the correct exercise posture 
is achieved. By co-ordinating FES 
and voluntary movement, the system 
provides exercise and leg loading while 
preventing the muscles from becoming 
too quickly fatigued. This entire process 
works with people who have paraplegia 
– it is essentially an automated standing 
and exercise device. 

This system certainly sounds impressive, 
but the real question is whether 
it improves patient outcomes. To 
determine this, the team performed a 
study with the help of participants who 
had suffered a spinal cord injury. It was 
divided into two phases, termed leg 
conditioning and intervention. The leg 
conditioning phase consisted of a three-
month training program involving daily 
use of the FES system designed to build 
leg muscle strength. This stage is vital 
for long term success – muscles begin to 
lose mass after only six weeks following 
a spinal cord injury, so it is imperative 
that prior strength is rebuilt before 
performing any standing exercises.

In the following intervention phase, 
the participants of the study were 
allowed to stand within the exercise 
platform, where they performed a 
number of load-bearing exercises as 
part of a skiing game. To ensure that the 
participants were ready for the process, 
the researchers first tested that they 
could undergo FES for one hour without 
showing significant signs of muscle 
fatigue and that they were able to 
balance by moving their upper body.

The participants came to the laboratory 
twice a week for six months to perform 
an hour of exercise. While in the 
exercise frame, the system used surface 
electrodes to stimulate between eight 
and 12 muscles in the lower limbs. 
This spread of muscle activation was 
performed so as to provide a wider 
loading of the bone and thus a more 
consistent degree of bone improvement 
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throughout. The research team designed the exercise program 
to focus on side-to-side and front-to-back movements – these 
motions are ideal for providing compression forces along the 
bone while avoiding shear forces across the bone, thereby 
minimising the chances of causing damage.

At the same time, the team used force sensors and motion 
capture systems to record the movement and forces being 
experienced by the participants. The researchers also took 
x-ray scans of the participants’ legs, both before and after the 
intervention phase. They used this information to assess bone 
density in the affected areas and thus the effectiveness of the 
treatment.

‘We found that our system shows an improvement of bone in 
certain areas, unlike previous systems which only decelerated 
the rate of bone loss,’ states team member Dr Monica 
Armegol. ‘We saw a small increase in bone density, even in 
those participants that were in the period of rapid bone loss. 
Although outcomes in bone density vary depending on the 
time since injury, the obtained results are really positive and 
encouraging for the spinal cord injury community.’

The information obtained from the intervention phase 
measurements was then used to adjust the parameters of a 
biomechanical model developed to simulate the characteristics 
of the participants. The ultimate goal of the model is to 
understand the distribution of internal forces in the bones 
and joints (e.g., ankles, knees, and hips) of the participants, 
especially as they perform various movements in the exercise 
frame. This is important for determining which stances lead to 
the best results in terms of bone development – for example, 
shifting the main force against the ground forwards on a foot 
increases pressure at the ankle by up to 60%.

It is well-established that there is a relationship between the 
force that bones are subjected to and the corresponding 
development of that bone. What is not well-understood is just 
how those factors interact – in particular the exact amount of 
force, and the frequency in which this has to occur for bone 
formation. The research team’s goal is to more fully understand 
these interactions. Their hope is that the combination of 
biomechanical models and bone imaging will better link 
motion and bone response and thus the overall impact on 
bone health.

The Pace of the Future

So, where does Professor Holderbaum and his team want to 
go from here? There are many different goals and much work 
remaining. From a research point of view, the team is interested 
in studying more complex movements, and obtaining 
additional data to help them better predict when and where 
bone formation will occur. At the same time, the group is also 
interested in expanding the availability of the system, whether 
it be examining the role that these exercise-games can play in 
rehabilitation, or developing a home-based standing frame for 
wider accessibility.

This is just the first step on the long road to assisted walking 
for people with paraplegia – but if the work of the group is 
anything to go by, it will one day be a road well-travelled.
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