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,QWURGXFWLRQ
Recovery of ambulation is a key goal for many stroke patients with

hemiparesis. Hemiparetic gait is typically characterized by slow
walking speed, asymmetrical limb movements, short step length and
reduced range of motion on the affected side. Long-term
improvements in gait are possible through intensive locomotor
therapy [1]. Robot-Assisted Gait Training (RAGT) is an alternative to
manually-assisted treadmill training that is designed to alleviate the
burden on therapists. RAGT provides external forces to the limbs of
patients to mimic normal kinematics during locomotor training [2].
effects on coordination of muscle activation patterns.

The idea that human locomotion is driven by oscillating neural
circuits located in the spinal cord has been advanced for decades [5].
Locomotor training focuses on adaptation of the Central Pattern
Generator (CPG), which is a largely autonomous neural circuit that
produces cyclical bursts of pre-determined muscle activation signals

[6,7]. The output of the CPG can be measured in the extremities using
surface electromyography (SEMG), from which rhythmic patterns can
be identified using a statistical classification technique [8]. This way,
we can evaluate the degree to which multiple muscles act in a stable,
rhythmic, coordinated manner. Furthermore, we can infer changes
that take place in the central nervor瀅倄䀄䐀䀄逄耇逄뀄耀　 ce�ѠҰ4l̀ �䠀倀̀w㈈m e 
after an intervention).

To date, most studies on RAGT in stroke evaluated locomotion
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Figure 2: Evaluations of muscle coordination based on analysis of
multiple SEMG signals

'LVFXVVLRQ
Four individuals with hemiparesis due to stroke underwent an 8-

week intervention of RAGT administered using a powered exoskeleton
with partial body-weight support. All participants improved in terms
of functional mobility assessments. These improvements were
accompanied by increased symmetry of muscle activation during gait.
That is, the muscle activation signals in the affected leg were more
similar to those in the unaffected leg (180 degrees out of phase) after
RAGT. Also, the combined muscle activation patterns of the lower
extremities exhibited increased rhythmicity during gait. We can infer
from these results that alterations occurred within the central nervous
system such that locomotor activity is more coordinated and more
consistent with a model of CPG control. This supports the idea that
RAGT may affect positive adaptations in the central nervous system in
hemiparetic stroke.

We assessed rhythmicity using a statistical model of CPG control
that yielded values of IR between zero and one. In our previous work,
we measured values of IR in normal, healthy adults between 0.70 and
0.80 [8]. Perfect rhythmicity (IR=1.00) represents a set of perfectly
periodic SEMG signals with no deviations. Normal, healthy gait
involves some variations from periodic muscle activity. According to
the optimal variability hypothesis [10], a certain amount of variability
is desirable in physiological systems to deal with perturbations and
remain within a state of dynamic equilibrium. Three of the four
hemiparetic subjects in this study had subnormal IR (less than 0.70),
indicating some aberrant, “noisy” muscle activity during gait.
Following RAGT, the aberrations were reduced, resulting in IR scores
closer to the normal range. In our analysis, we applied the simplest
interpretation of “improvement” as any change in IR greater than zero.
We acknowledge that small changes that are greater than zero may not
be clinically significant. Further study is needed to establish a
threshold value that correlates to significance in this context.

The present study is one of the few analyses that deal with changes
in coordination (synchronization and ryhthmicity) of multiple
muscles following locomotor training.

Future work should involve experiments to compare changes in
muscle coordination between patients who have undergone RAGT
and other forms of locomotor training, such as conventional physical
therapy and body-weight supported treadmill training with manual
assistance.

&RQFOXVLRQV
Our data showed that muscle coordination improved following 8

weeks (24 sessions) of RAGT. This signifies the possibility that RAGT
may affect fundamental alterations in locomotor control, a hypothesis
that should be investigated via an experimental design. In our case
series, we utilized a non-invasive method to identify how the central
nervous system controls locomotion before and after a rehabilitation
intervention. We believe that this is a practical method to measure
changes in the central nervous system for any intervention for
locomotor training.

$FNQRZOHGJHPHQW
All financial support for this study was provided by HealthSouth

Corporation (Humble, TX).

5HIHUHQFHV
1. Hornby TG, Straube DS, Kinnaird CR, Holleran CL, Echauz AJ, et al.

(2011) Importance of specificity, amount, and intensity of locomotor
training to improve ambulatory function in patients poststroke. Top
Stroke Rehabil 18: 293-307.

2. Chang WH, Kim YH (2013) Robot-assisted Therapy in Stroke
Rehabilitation. J Stroke 15: 174-181.

3. Swinnen E, Duerinck S, Baeyens JP, Meeusen R, Kerckhofs E (2010)
Effectiveness of robot-assisted gait training in persons with spinal cord
injury: a systematic review. J Rehabil Med 42: 520-526.

4. Geroin C, Mazzoleni S, Smania N, Gandolfi M, Bonaiuti D, et al. (2013)
Systematic review of outcome measures of walking training using
electromechanical and robotic devices in patients with stroke. J Rehabil
Med 45: 987-996.

5. Pinter MM, Dimitrijevic MR (1999) Gait after spinal cord injury and the
central pattern generator for locomotion. Spinal Cord 37: 531-537.

6. Markin SN, Klishko AN, Shevtsova NA, Lemay MA, Prilutsky BI, et al.
(2010) Afferent control of locomotor CPG: insights from a simple
neuromechanical model. Ann N Y Acad Sci 1198: 21-34.

7. Cappellini

http://www.ncbi.nlm.nih.gov/pubmed/21914594
http://www.ncbi.nlm.nih.gov/pubmed/21914594
http://www.ncbi.nlm.nih.gov/pubmed/21914594
http://www.ncbi.nlm.nih.gov/pubmed/21914594
http://www.ncbi.nlm.nih.gov/pubmed/24396811
http://www.ncbi.nlm.nih.gov/pubmed/24396811
http://www.ncbi.nlm.nih.gov/pubmed/20549155
http://www.ncbi.nlm.nih.gov/pubmed/20549155
http://www.ncbi.nlm.nih.gov/pubmed/20549155
http://www.ncbi.nlm.nih.gov/pubmed/24150661
http://www.ncbi.nlm.nih.gov/pubmed/24150661
http://www.ncbi.nlm.nih.gov/pubmed/24150661
http://www.ncbi.nlm.nih.gov/pubmed/24150661
http://www.ncbi.nlm.nih.gov/pubmed/10455527
http://www.ncbi.nlm.nih.gov/pubmed/10455527
http://www.ncbi.nlm.nih.gov/pubmed/20536917
http://www.ncbi.nlm.nih.gov/pubmed/20536917
http://www.ncbi.nlm.nih.gov/pubmed/20536917
http://www.ncbi.nlm.nih.gov/pubmed/16554517
http://www.ncbi.nlm.nih.gov/pubmed/16554517
http://www.ncbi.nlm.nih.gov/pubmed/22151914
http://www.ncbi.nlm.nih.gov/pubmed/22151914
http://www.ncbi.nlm.nih.gov/pubmed/22151914
http://www.ncbi.nlm.nih.gov/pubmed/21642064
http://www.ncbi.nlm.nih.gov/pubmed/21642064
http://www.ncbi.nlm.nih.gov/pubmed/17029655
http://www.ncbi.nlm.nih.gov/pubmed/17029655
http://www.ncbi.nlm.nih.gov/pubmed/17029655
http://dx.doi.org/10.4172/2165-7025.1000217

	Contents
	Changes in Muscle Coordination Following Robot-assisted Gait Training in Hemiparetic Stroke
	Abstract
	Keywords:
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	Acknowledgement
	References


