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Real-life measurements on pressure relief performance and  
shoulder loading activities in manual wheelchair users  

Problem & aim 
Pressure injury and shoulder com-
plaints (pain, pathology) are two of 
the most common secondary health 
problems in manual wheelchair users 
with a  spinal cord injury (SCI). They 
are closely related to each other by 
the way a pressure relief (PR) for 
pressure injury prevention is per-
formed. Shoulder loading activities in 
daily life (SL-ADL) are regarded as the 
driving force in the development of 
shoulder complaints.  
As very little is known about the mo-
bility and PR behavior of manual 
wheelchair users a measurement set-
up for real-life measurements should 
be developed and tested. 
 
Methodology 
Firstly, a measurement set-up for  
real-life measurements was developed 
(Figure 1). The set-up consisted of 

two Movesense sensors to record ac-
celeration, angular velocity and the 
magnetic field to generate mobility 
metrics. As backup Shimmer sensors 
were used. One sensor of each type 
was attached to the wheelchair frame 
and one to the wheel. Further a pres-
sure mat (Sensomative) detecting the 
sitting respectively PR position and a 
GoPro for validation of the data 
measured and also for the identifica-
tion of other activities of daily life 
were used. 
Secondly, about 8h of working day of 
two manual wheelchair users were 
measured and analyzed in MATLAB. 
 
Results 
A great number of values of interest 
for researchers, clinicians but also 
wheelchair users, such as distance 
propelled, velocity, inclination, mag-
nitude of turns, number of pushes, 

number of transfers and PR perfor-
mance could be gathered during the 
measurements (see Figure 2). The 
used equipment withholds require-
ments of life and participants’ feed-
back showed that the sensors and the 
pressure mat are no burden for the 
participant. GoPro measurements 
were okay for one day but would be 
disturbing for longer measurements. 
Considering mentioned aspects, it can 
be concluded, that the measurement 
set up is feasible for real-life meas-
urements. 
For the connection of the results to 
shoulder loads sensors on the trunk 
and the arm should be added. This is, 
however, momentarily not possible 
due to problems in the Bluetooth con-
nection when using more than two 
Movesense sensors. Therefore, future 
development aims should include im-
proving the Bluetooth connection sta-
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bility of the Movesense sensors or the 
development of alternatives. 
The limitations of this project are, 
that it was a small-scale pilot study 
that included measurements of ~8h 
of workday of two participants only. 
Therefore the results do not allow 
conclusions to be drawn about the 
entire population of wheelchair users 
with SCI and are not representative.
However, since so far very little is 
known about a typical day of a wheel-
chair user, this pilot study already 
gives an interesting insight in how the 
mobility behavior of manual wheel-
chair users with SCI could be meas-
ured and contributes at filling the re-
search gap on SL-ADL.  
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Dashboard on mobility metrics & pressure relief behavior 
Measurement set-up 

Figure 1: Measurement set-up 
Shows the with sensors, pres-
sure mat and GoPro equipped 
wheelchair. 

Figure 2: Dashboard on mobility metrics & pressure relief behavior 
The Dashboard summarizes important values of interest for participant 1 (P1) and participant 2 (P2). Area 1 shows 
mobility metrics, area 2 shows pressure relief (PR) metrics. Area 3 illustrates the distribution of bouts over the measu-
rement period. Bouts are defined as active periods of >5s. Area 4 shows the distribution of PR activities per technique 
(2:Lo=lift-off; 3:LL=left lean; 4:RL=right lean; 5:Fw=forward lean; 6:OR=own relief activity) over the day. The bubble 
sizes illustrate the duration of each bout respectively PR in seconds.  
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