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Abstract

Background

The novel concept of Active Balance Seating (“ABS”) involves the consideration of
head and neck alignment as an indicator of appropriate posture (Nishimura, 2002). It is
known that in two-handed wheelchair operation, increased speed causes the user to
incline forward and therefore accelerate even faster (Gehlsen, 1990). However, the
effects of ABS wheelchairs on forward trunk inclination and wheelchair acceleration

remain unclear.

Research Objective

The objective of this research was to clarify the effects of ABS on the range of motion
in forward trunk inclination and wheelchair acceleration as basic information for use in
analysis of wheelchair operation by hemiplegic users and elderly people with
disabilities. Efficient operation of ABS wheelchairs may improve maneuvering by
individuals with severe mobility impairments, thereby enhancing self-reliance in
self-care activities and expanding their range of everyday mobility.

Methods

The study featured a crossover design in which the predictive (independent) variables
were wheelchairs and the outcome (dependent) variables were the range of the motion
in forward trunk inclination and acceleration during wheelchair operation. ABS
wheelchairs (Zaou NA-501FO, Nissin Medical Industries Co., Ltd.) were used for the
intervention group, and standard wheelchairs (Three Way NA-M3, Nissin Medical
Industries Co., Ltd.) were used for the control group.

The subjects were 66 students with no functional impairments or deformities that
might hinder wheelchair operation. The participants were filmed with a video camera
from the sagittal plane as they accelerated in their wheelchairs as quickly as possible
from a standing start. Wheelchair operation was classified into three patterns: cyclic
forward/backward trunk movement, maintenance of forward trunk inclination, and
maintenance of backward trunk inclination. The range of motion in forward trunk
inclination and acceleration were calculated using Dartfish 5.5 Pro video analysis
software, and the subjective ease of wheelchair operation was assessed using the Visual
Analog Scale (VAS).

For statistical evaluation, Kruskal-Wallis testing (a nonparametric method) was
performed using IBM SPSS Statistics 22. Steel-Dwass testing was also performed for




multiple comparison using R 2. 8. 1. The significance level was set at 5% in both tests.

Results

No significant difference was observed in the range of motion in forward trunk
inclination between ABS wheelchairs and the standard type. ABS wheelchair
acceleration and ease of operation (VAS) were significantly higher than those of the
standard type.

Discussion

ABS wheelchair acceleration and ease of operation were significantly higher than
those of standard wheelchairs, representing a significant advantage. However, no
correlation was found between ABS and the range of motion in forward trunk
inclination, or between ABS and wheelchair acceleration. Factors other than the range
of motion in forward leaning must therefore have affected wheelchair acceleration. The
first factor was enhanced pelvis stability due to the effect of the pelvic support belt
(independent of back support) in ABS wheelchairs. It is reasonable to consider that this
helped to stabilize the pelvis during wheelchair operation, resulting in enhanced trunk
and arm performance. The second factor was the self-centering function of ABS
wheelchairs for back support, which reduced differences in posture between the left and
right sides of the trunk during wheelchair operation.

The third factor was the lower level of muscle activity required with ABS wheelchairs
to maintain a seated posture. This minimum energy posture is also considered to have
improved trunk and arm movement.

Conclusion

The results indicated that ABS wheelchairs provide advantageous conditions both for
sitting and for operation

Keywords

Active Balance Seating (ABS), wheelchair operation, the range of forward trunk
inclination, acceleration.
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