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Abstract Progressive muscle weakness characteristic of Duchenne muscular dys-
trophy (DMD) results in loss of upper extremity active range of motion (AROM)
despite residual muscle strength that is insufficient to overcome gravity. Admittance
control is well suited for use by individuals with DMD as it allows for the utilization
of residual muscle strength to intuitively control the motion of a powerful robot
without requiring strength to overcome gravity and the friction and inertia of the
robot. This study examined the feasibility of using the HapticMASTER, an admit-
tance control motorized arm support, to increase the upper extremity AROM of
individuals with DMD to a greater degree than that provided by the Armon Edero, a
commercially available passive arm support. The results demonstrate that the
HapticMASTER robot significantly increased the reachable surface area scores
compared to the Armon Edero passive arm support (paired-samples t-test, t(5) =
3.984, p = 0.010, Cohen’s d = 1.6).

1 Introduction

Duchenne muscular dystrophy (DMD), a neuromuscular disease with a prevalence
of 1 in 3500 male births, results in progressive muscle weakness causing loss of
independence and imposing the demands of costly and intrusive assistive support
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and personal care for daily living tasks [1]. Upper extremity function begins to
decline while ambulation is still possible and gradually progresses with time in a
proximal to distal gradient, playing a prominent role in loss of independence [2].
Importantly, upper extremity functional limitations exist despite residual muscle
strength because remaining muscle strength is not sufficient to lift the arms against
gravity and therefore cannot be utilized by the individual [3].

Presently, there exist a number of commercially available assistive devices aimed
at augmenting upper extremity functional deficit. These devices are not widely used
by individuals with DMD and have been largely unsuccessful in delivering the
independence they seek to provide. Passive orthoses, the most common of these
commercially available assistive devices, increase AROM by reducing friction and
balancing the user’s arm against gravity using a spring or rubber bands. Limitations
of passive arm supports include imperfect gravity compensation and the requirement
of sufficient muscle strength to overcome inertia, which render these devices inef-
fective for those in the later stages of functional loss [4].

Admittance control is an inherently safe and intuitive robotic control paradigm
that maps the user’s applied force to the motion of a robot. The use of admittance
control provides a means to balance the arm against gravity more precisely and to
minimize friction and inertia, thereby decreasing the overall force required by the
user to generate a movement compared to that required by a passive arm support
[5]. The objective of this study is to investigate the degree of upper extremity
AROM associated with use of an admittance control motorized arm support
compared to that associated with the use of a passive arm support by individuals
with DMD.

2 Materials and Methods

The upper extremity AROM of 6 individuals with DMD was evaluated while
unsupported, while supported by the Armon Edero passive arm support, and while
supported by the HapticMASTER admittance control robot. Figure 1 shows the
Armon Edero arm support and the HapticMASTER robot. The maximum workspace
of both arm supports is about 0.08 m3, with the HapticMASTER having a slightly
smaller workspace compared to the Armon Edero. Inclusion criteria required indi-
viduals to be nonambulatory with limited upper extremity function (a Brooke scale
score of 4 or greater). The reachable workspace protocol was administered for each
of the arm support conditions and the reachable surface area scores were used as the
primary outcome measure to evaluate AROM [6]. This study was approved by
NJIT’s Institutional Review Board.
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Fig. 1 a The Armon Edero passive arm support and b the HapticMASTER robot

Fig. 2 The reachable surface
area (RSA) scores for
a unsupported movements,
b Armon Edero supported
movements, and
c HapticMASTER supported
movements for one subject
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3 Results

Figure 2 shows an example of the reachable workspace evaluation output for one
subject for unsupported movements, Armon Edero supported movements, and
HapticMASTER supported movements. Figure 3 shows the mean reachable surface
area scores for all 6 subjects for Armon Edero and HapticMASTER supported
movements. The HapticMASTER robot significantly increased the reachable sur-
face area scores compared to the Armon Edero passive arm support (paired-samples
t-test, t(5) = 3.984, p = 0.010, Cohen’s d = 1.6). An a priori power analysis,
conducted using G*Power 3.1 software, suggested that a sample size of n = 6
would be sufficient to obtain a minimum of 95 % power (a = 0.05, paired-samples
t-test) to detect an effect, given an effect size of Cohen’s d = 1.6. Five out of 6
subjects showed increased vertical range of motion for HapticMASTER supported
movements compared to Armon Edero supported movements. All subjects reported
that less exertion was required to generate the reachable workspace evaluation
movements while supported by the HapticMASTER robot compared to the Armon
Edero passive arm support.

Fig. 3 Mean reachable surface area scores for Armon Edero and for HapticMASTER supported
movements. Error bars show SEM

352 M.C. Corrigan and R.A. Foulds



4 Discussion and Conclusion

The results of this study support the hypothesis that an admittance control arm
support will provide individuals with DMD greater AROM than that provided by a
passive arm support. Ongoing work involves the development of a wheelchair-
mountable admittance control arm support that aims to increase independence in
activities of daily living for individuals with DMD.
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