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SUMMARY 
This study presents first results in measurements of the exerted 
forces during tests on a cycloergometer for handbike. This 
information will permit to define risk factors of handcycling, 
prevent traumas and, consequently, define the optimal 
configuration of some parameters like the seat and the 
backrest. 
 
INTRODUCTION 
A handbike (Figure 1) is a device for the locomotion of 
disabled people with impaired use of the legs; it has a stiff 
chassis and three wheels. Steering and propulsion are provided 
by the front wheel which is actuated by the rotation of the 
handles actuated by the subjects. Handcycling is a Paralympic 
discipline. 
 

 

Figure 1:  Examples of handbike. 
 
The practice of sport activities, in subject with Spinal Cord 
Injuries (SCI), is important for improve strength and 
resistance. It is also important for social and psychological 
reasons. Moreover, because of their conditions, subjects with 
SCI use upper limbs also for activities of daily living and for 
locomotion. For these reasons, subjects with SCI must practice 
sport activities in absolute safeness in order to avoid problems. 
On these bases, it is clear that the reduction of the exercise-
related risks is linked to a better understanding of handcycling 
biomechanics and physiology in order to have the best 
possible matching between subject’s fitness and bike 
characteristics. 
 
METHODS 
Five subjects (2 with quadriplegia, 3 with paraplegia) 
volunteered for this study and signed their written informed 
consent. All subjects were experienced in handcycling and 
received a complete medical examination prior to the 
experiments. Approval was given by the local ethics 
committee. Each subject performed two incremental tests: the 

first with 70° of backrest inclination, the second with 45° of 
backrest inclination. Workload started from 20W with 10W 
increments in case of athletes with quadriplegia, from 40W 
with 20W increments in case of athletes with paraplegia. 
 

 

Figure 2:  Particulars of the ergometer used for the tests.  
 
All tests were conducted in an adjustable recumbent sports 
handcycle (Maddiline Gp2, Verona, IT) mounted on a specific 
ergometer (Figure 2) for handbike [1]. This device 
automatically adjusts torque to angular velocity, allowing 
subjects to maintain a constant output power independent of 
the chosen cadence. The cranks were set for the synchronous 
mode of cranking, preferred by all participants. A bi-axial load 
cell was mounted on the right handle to measure the radial 
(FR) and the tangential (FT) component of the applied force F.  
 

 

Figure 3:  Convention for applied forces and measured angle. 
 
Tangential force is positive when it generates active 
propulsive torque (positive clockwise), negative otherwise 
(Figure 3). Radial Force is positive from the cranking 
trajectory centre outwards. An encoder measures the angular 
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position of the crankshaft; this data is employed to relate the 
measured force F to the crank position. Measured angle starts 
from 0° in the upper point of the cranking cycle and grows 
clockwise.  
 

 
Figure 4:  Polar diagram for exerted forces with 70° backrest, 
30W workload. Red: FT Positive; Orange: FT Negative; Blue: 
FR Positive; Cyan: FR Negative; Black: Absolute Force.  
 
Across 0° there is the pushing phase of a single cranking 
cycle. At 90° the handles are in the frontal side, towards the 
front wheel and here the action changes from pushing phase to 
pulling phase. At 180° the handles are in the lower point, in 
the middle of the pulling phase and at 270° the handles are 
near the subject on the handbike, changing between pulling to 
pushing phase.  
 
RESULTS AND DISCUSSION 
The trend of the propelling force results very different among 
the subjects and correlated to their pathology. The pulling 
action is preponderant with respect to pushing, in particular 
for athletes with quadriplegia. The backrest inclination 
modifies the exerted forces profile. Figure 4, 5 and Table 1 
present a single typical case. The maximum value of FT is 
similar for the two backrest configuration but the FR 
component reaches a higher value when the backrest is 
vertical. Moreover, it changes the point of maximum from the 
final part of the pulling phase, (near 230° in Figure 4) to the 
initial part of the same phase (across 120° in Figure5). Since 
FR doesn’t generate active propelling torque, it is 
hypothesized that a better configuration of the backrest is that 
which can minimize it. In this case we can affirm that a higher 

inclination of the backrest can improve the cranking 
efficiency: it is shown by the Quality Index in Table 1, but 
other data like oxygen consumption and electromyography [2, 
3] are necessary to confirm it. 
 

 
Figure 5:  Polar diagram for exerted forces with 45° backrest, 
30W workload. Red: FT Positive; Orange: FT Negative; Blue: 
FR Positive; Cyan: FR Negative; Black: Absolute Force.  
 
CONCLUSIONS 
Exerted forces profiles are related to the backrest inclination 
and to the pathology of each subject. The presented 
instrumentation proved to be effective in the classification of 
the subjects and in the optimization of the vehicle. Future 
works are planned, with the aims to include energy 
expenditure and EMG data in the analysis. 
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Table 1: Example of recorded forces during the two test for the same quadriplegic subject. Workload 30W. 
 

 TANGENTIAL FORCE RADIAL FORCE QUALITY INDEX 
BACKREST 

INCLINATION  
Max 
[N] 

Rms 
[N] 

Crank Angle 
[deg] 

Max 
[N] 

Rms 
[N] 

Crank Angle 
[deg] 

1-FRrms/FTrms 
% 

70° 80 38 160° 70 34 232° 10.5 

45° 84 41 173° -61 29 136° 29.3 
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