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Abstract— The study of seated balance and postural control,
specifically in relation to wheelchair propulsion, has been an
area of interest for quite some time. In biomedical and
rehabilitation research this has led to the potential of treatment
and prevention of spinal cord and musculoskeletal injuries. To
date, little study has been done which analyzes the activity of
lower trunk muscles for seated balance, as opposed to upper
limb and shoulder muscles. For the purpose of this study,
motorized rotational movement in the forward and backward
directions was simulated and the corresponding lower back and
abdominal muscle activity was recorded by surface
electromyography (EMG). A comparison of how muscle
activity was affected by visual input was also conducted. This
pilot study was performed on two healthy individuals,
recording two of their abdominal muscles, and two lower back
muscles. Electrodes were placed on the right and left rectus
abdominis, external oblique, thoracic erector spinae, and
lumbar erector spinae. Each trial consisted of twelve
randomized tests that were performed twice on each subject.
The results showed that the speed of rotational motion was the
dominant factor in abdominal muscle activity. The results also
suggested that motion of the subject with respect to the visual
display had an inhibitory effect on the motion perception.
Furthermore, challenges to wheelchair patients on a slightly
rough terrain were highlighted. Finally, the results also
suggested that visual effects during rotational motion had a
small effect on the subject, which was possibly caused by
placing focus on something else rather than on balance issues.

I. INTRODUCTION

Understanding seated balance and the factors which affect
it have become common areas of interest in rehabilitation
research. One of the areas in which the analysis of seated
balance and posture come into play is when dealing with
individuals in wheelchairs. To a certain extent, wheelchairs
have revolutionalized the way disabled individuals navigate
through the world by regaining their mobility, and most
importantly, their independence. However, these users
commonly experience discomfort and injuries with prolonged
wheelchair use.! Moreover, the force which is repetitively
applied to these users when going over uneven surfaces has
been associated with various injuries such as back pain,
carpal tunnel syndrome and tendinitis to name a few.”>*>¢
Wheelchair users commonly utilize ramps for mobility in
order to overcome the difficulties associated with changes in
ground levels, and experience vibrations when travelling over
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uneven surfaces. In order to prevent backwards tipping when
ascending a ramp, wheelchair users compensate by leaning
forwards to shift their centre of mass.” Most times, these
individuals have weakened muscles due to atrophy or spinal
cord injury,® and it has been suggested that the amount of
directional leaning may be related to abdominal muscle
strength.”

To date, numerous studies have been done which examine
the upper limb and shoulder muscles in relation to wheelchair
propulsion,”'® but very little research has been done which
investigate the trunk and abdominal muscles. In fact, it has
been suggested that the lower trunk and abdominal muscles
surrounding the spinal cord are essential during wheelchair
propulsion when aiming to maintain a sturdy base and
upright posture.'™ In a study conducted by Yang et al."
lower back and abdominal muscles were assessed during
manual wheelchair propulsion at varying speeds and
accelerations on a level surface. An interesting finding of this
study was that muscle activity was highest during the initial
stages of motion as recorded by electromyography (EMG).
This made us want to further investigate the activity of lower
back and abdominal muscles during forward and backward
movement. Most of the studies in this field have been done in
relation to manual wheelchair movement. However, as
technology is advancing, more and more disabled individuals
are using motorized wheelchairs and scooters. A novel aspect
of this study is the combination of motorized motion
accompanied by virtual reality.

Virtual reality has become a vital component in assessing
real world concerns in various domains, as it not only allows
for traditional biomechanical assessments, but it also allows
for testing which is accompanied by real world visuals. A lot
of the time, the individual’s perception of the world is
enhanced when accompanied by visuals, as it provides an
additional dimension and depth perception to interpret the
surrounding environment. A further application of this study
can be applied to motion theatre rides. Many wheelchair
users enjoy motion theatre rides, as it does not exert
intolerable forces on the user. It may be worthwhile for
designers of these rides to know the thresholds and ranges of
motion which wheelchair users can withstand.

For the purpose of our pilot study, we used seated
motorized rotary motion at various speeds to assess lower
back and abdominal muscle activity recorded by surface
EMG. The specific muscles we looked at were the Rectus
Abdominis (RA), External Oblique (EO), Thoracic Erector
Spinae (TE), and Lumbar Eector Spinae (LE). In addition, we
also combined this motion with visuals scenery. This will
allow us to perform a comparison of the results to determine
if the virtual environment affected muscle activity.
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II. METHODS

A. Subjects

In this pilot study, the tests were performed on the first
two authors of this paper (one male 31 years old, and one
female 22 years old). At the time of study neither of them
were wheelchair users, nor did they have a history of lower
back injury or abdominal pain.

B. Experimental Setup

Subjects were seated on a motorized rotating device, as
shown in Figure 1. This pneumatic system was made up of an
air compressor, a solenoid valve and a linear actuator.
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Figure 1: View of the system from inside with visuals

The compressor was capable of storing 18.9 litters (5
gallons) of air under a rated pressure of 861.8 kPa (125 psi)
and could deliver 1.18 liters per second (2.5 cubic foot per
minute) at 620.5 kPa (90 psi). The compressed air is sent
directly to the solenoid valve, and it operates using an
electrical motor. The cylinder has a stoke length of 50 cm
(19.7 inches) and a bore size of 4 cm (1.6 inches), and is
capable of operating under 896 kPa (130 psi). With this
cylinder a pitch motion was achieved from -17 to 14 degrees
from the horizontal, which yields a total movement of 31
degrees. Furthermore, the solenoid valve used was a 5-way 3-
position valve; meaning that there were five different ways
the air would flow inside the solenoid. The solenoid could set
in three positions depending on the movement of the
mechanical core inside. When air is transferred into such a
valve the mechanical core moves directing the air to the
appropriate ports of the solenoid. The two outputs of the
solenoid were sent directly to the pneumatic actuator
cylinder, where extension and retraction movements could be
performed. The solenoid worked off of a 12V supply, and a
Darlington pair transistor circuit as shown in Figure 2 at the
rated current (250 mA).
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Figure 2: Darlington circuit used for controlling the solenoid

The circuit was hooked up to the NI 6008 DAQ, which
allowed for customized control by PWM from LabVIEW.
The program was specifically designed for this experiment in
order to allow for control of the speed of the cylinder.

Mounted onto the setup was a custom build curved
screen, which displayed a projected video during some of the
tests. The visuals were an effective virtual reality video from
the smartphone game “Boost 2” as it gives the subject the
feeling that they are moving forward in a tunnel. The speed
of the visuals was edited to match the motion speed, with the
lowest speed being 1.5 times slower then a normal video clip
playing, and the high speed being twice as fast as a normal
video clip being played. Although motion sickness is induced
by peripheral vision, the video is structured in such a way
that the focal point is directly in the centre of the screen,
reducing any possible peripheral distractions. Figure 3
illustrates a screen shot of the video.

Figure 3: Screen shot of the visual display

C. Surface Electromyography

Surface EMG activity of the lower back and abdominal
muscles were recorded by placing two Ag-AgCl electrodes
(3M™ Red Dot™ Monitoring Electrodes) on each muscle,
with an approximate inter-electrode distance of 3cm."
Before the electrodes were placed, the skin was wiped down
with alcohol wipes, and similar to a study performed by
Howarth et al.", two electrodes were placed on each of the
following left and right muscles: rectus abdominis (3cm
from the umbilicus), external oblique (at the level of the
umbilicus), thoracic erector spinae (5cm from the T9 spinal
disk), and lumbar erector spinae (3cm from the L4 spinal
disk). The electrodes were then connected to snap-leads,
which were hooked up to the CleveMed Bioradio 150 which
in turn was connected to the computer by a wireless receiver
from the CleveMed data acquisition system.

D. Trials

Each trial consisted of twelve tests, with each test
consisting of a combination of speed, direction, and visual
factors. Specifically, there were three speeds; 4.5 cm/s, 9
cm/s and 50 cm/s of the cylinder arm stroke, which
respectively represented 2.82 deg/s, 6.89 deg/s and 31.0
deg/sec. The test was done in two directions (forward and
backwards pitch), and with two visual options (with visual
video, and without visual video). The order in which each
test was run was randomized and the subject was not told
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which test was about to be performed, so that it was a blind
study. Furthermore, each trial was performed twice. The
acceleration of the circular rotational path was also
measured by the CleveMed Bioradio’s Accelerometer.

E. Signal Processing

The sampling frequency of data was 960 Hz at 12 bit/sec. A
4™ order Low- -pass Butterworth filter with a cut-off
frequency of 2.5 Hz was used in order to filter the raw data.

2 _ 1 _ i
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Where N is the order of filter, €, is the corner frequency, Q,
is the pass-band ed%e frequency, and 1/(1+¢%) is the band
edge value of |H(Q2)|".

Once the data was filtered, the envelope of the rectified
EMG signal was obtained to quantify the muscle activity.
After that, the RMS value was calculated which represents
0.707 of one half of the peak-to-peak value.

Xrms = J%(x%+x%+x§+~~+x%) @)

Next, the amount of EMG activity in the muscles (iIEMG)
was obtained by integration of the enveloped signal. This
integrated average represents 0.637 of one-half of the peak-
to-peak value.
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Finally, the data was analyzed by Discrete Wavelet
Transform (DWT) to express the signal as a linear
combination of a set of functions, where the signal is
translated at time u and scale s.

WEs) = (Fus) = =7 FOw () ae @

The wavelets used involve a scaling function also called the
“father wavelets” that must be orthogonal in translation on

itself and in dilation.
t-nbyal*
¥ () ®)

Since DWT captures both frequency and location in time, it
would tell us when and how often a muscle was contracted
during the performed tests.

Pus(®) = j:m

III. RESULTS

Based on the analysis of the processed data, the results
indicate that the abdominal muscle activity was least at the
lowest speed 2.82 deg/s. At the medium speed of 6.89 deg/s,
the muscle activity increased and at the highest speed it was
the highest. This can be seen from Figures 4a to 4f where the
muscle activity of one of the subjects is graphed from all
eight channels during the downward pitch motion. The
percentage muscle activity was calculated based on the
intensity of the muscle activity compared to maximum
voluntary contraction being 100%.
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Figure 4: Muscle activity by iEMG (area under envelope EMG) of subject 1
during downwards pitch motion, a) 2.82 deg/s without visuals, b} 2.82 deg/s
with visuals, ¢} 6.89 deg/s without visuals, d) 6.89 deg/s with visuals, ¢) 31.0
deg/s without visuals, d) 31.0 deg/s with visuals, Channels 1 = RA right, 2 =
EO right, 3 =RA left, 4 = EO left, 5 = LE right, 6 = LE left, 7= TE right, 8 =
TE left.

It is clear from the plots on the left side compared to those
on the right in Figure 4 that there is a small difference in the
muscle activity with the visual display present compared to
muscle activity without visuals. This small decrease of
activity suggests that the motion of the subject with respect
to the visual display may have had an inhibitory effect on the
motion perception. The fact that the highest activity was
observed at the highest speed was to be expected as there is
a sudden start and stop in the motion, and thus a
corresponding reaction in terms of acceleration and
deceleration respectively. In general, all of the results were
similar in this context regardless of whether the motion was
forwards or backwards.
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Figure 5: Acceleration profile of upwards pitch motion (1 deg/s).

When we look at the envelopes and the RMS values of the
data, the results become even clearer to us. As we can see in
Figures 5 and 6, the envelope and RMS of the same muscle
(LE right) in both tests are very similar in amplitude, when
visuals were present and absent. However, one can also
easily notice the rippling of the envelope. This was most
probably caused by the small steps of movement of the
cylinder as it made the system vibrate just enough so that it
would be felt by the subject. This was due to the low
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frequency of 3 Hz that was used to control the solenoid. This
phenomenon is particularly interesting because it highlights
the challenges existing for wheelchair patients while they go
over slightly rough terrain, such as a cobblestone or cracked
sidewalk. The significance of visual scenery was somewhat
noticed here, however the difference in the results was not
large enough to conclude it as being a major influence.
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Figure 6: Plot of EMG data of subject 2 during upwards pitch motion at 6.89
deg/s (LE right) without visuals, Blue = rectified EMG, Red = Envelope
EMG, Green = RMS value
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Figure 7: Plot of EMG data of subject 2 during upwards pitch motion at 6.89
deg/s (LE right) with visuals, Blue = rectified EMG, Red = Enveloped EMG,
Green = RMS value

When we analyzed the wavelet transforms it was very easy
to distinguish the more dominant muscle contractions and
their time locations. As we can see from Figure 7, the
previous results are yet again confirmed and the transform
highlighted the effect of speed; where speed contributed to
more muscle activity at the beginning and end of the motion.
Also, here the visuals only had a small effect when
compared to tests without visuals.

Raw EMG

) 2000 4000 6000 8000 10000 12000
Wavelet Filtered EMG
T

Amplitude

20.02 i = | S| S| M|
1000 2000 3000 4000 5000 6000

Details of Coefficients of EMG in a Wavelet Functioni
T

0.02 ! i i ; :
[} 1000 2000 3000 4000 5000 6000
Samples (n)

Figure 8: Wavelet Transform of EO muscle of subject 1 at 6.89 deg/s
without visuals (forward pitch motion).

IV. CONCLUSION

The results showed that the seated balance was mostly
affected by speed rather than visual scenery. Visuals did have
a small affect on the muscle activity possibly by placing
focus on something else rather than on balance issues. The
fact that small vibrations affect the abdominal muscle activity
was also highlighted. For future work, different combinations
of pitch dynamics and speed of the visual scene, as well as
the effect of sound cues will be investigated.
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