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INTRODUCTION 

Locomotor rehabilitation therapy (LRT) is designed to 
promote functional gait recovery in individuals with 
incomplete spinal cord injury (SCI).  Multiple LRT 
approaches have been proposed, all of which show 
some potential for improvement of ambulatory 
function. However, no single method has been shown 
to be superior [Morawietz, 2013].  Therefore, this 
study was done to compare therapist-assisted (TA) to 
robot-aided (RA) LRT. 

METHOD 
Subject: The subject is an 18-year-old male with an 
incomplete SCI due to a C3-4 hyperextension and 
dislocation football injury.  At the time of injury, he had 
no motor or sensory function below C4. Rectal motor 
and sensory function was absent five hours after the 
injury (ASIA A).  A C2-4 decompression and fusion 
surgery was performed 12 hours after the injury.  By 
48 hours post stabilization he improved to C3 ASIA B 
tetraplegia with independent breathing. He 
progressed through therapy focused on an activity-
based program.  The subject was studied at 22 and 
44 months after injury.  At the first study he was 
classified as ASIA D. 

Apparatus: For the first study, a Rifton Pacer Gait 
Trainer with hip positioner attachment providing 
partial body weight support and bilateral forearm 
platforms was used along with AFOs.  One therapist 
stabilized the walker and one therapist facilitated 
reciprocal stepping patterns via continuous tactile 
cueing of the pelvis.  The second study used an Ekso 
GT robotic exoskeleton with full-weight bearing and a 
front wheeled walker. An assistant stabilized the 
walker.  The robotic exoskeleton was programmed to 
require voluntary hip flexion to initiate swing phase for 
each step and to provide assistance for knee 
extension via battery powered motors at the end of 
swing only if the subject was unable to complete it 
volitionally. 

Procedures: Motion capture at 120 Hz was used to 
collect heel/toe marker movement and identify gait 
events.  Electromyographic (EMG) data was obtained 
bilaterally at 2400 Hz from the iliopsoas, rectus 
femoris, hamstrings, tibialis anterior, and 
gastrocnemius, EMG data was rectified and passed 
through a 4

th
 order, low-pass Butterworth filter with a 

6 Hz cutoff. 

RESULTS 

Walking velocity was 19.5 cm/sec for the TA-LRT.  
For the RA-LRT, the initial walking velocity was 4.8 
cm/sec and increased to 11.0 cm/sec at the end of 
the training session. Kinematic patterns of the hip, 
knee, and ankle were similar for both types of LRT.  

Motor activation patterns were markedly different for 
the two types of LRT (Figure 1).  During TA-LRT, the 
EMG had low level continuous activity lacking phasic 
muscle activation patterns.  With RA-LRT, the EMG 
displayed phasic muscle activation patterns which 
were appropriate for all muscles studied.    

 

Fatigue was the most striking difference between the 
two types of LRT. With TA-LRT, the patient was able 
to achieve 5 walking trials for a total walking distance 
of 25 m.  In contrast, the patient was able to walk 38 
trials for a total distance of 190 m with RA-LRT. 

DISCUSSION 

Requiring voluntary activation of muscles prior to 
activating assistance and assisting in movement only 
as needed, i.e. RA-LRT, resulted in similar kinematic 
and better muscle activation than when providing a 
fixed amount of assistance, i.e. TA-LRT.  This should 
accelerate functional recovery. 

CONCLUSION 

A robotic-device that generates as normal as possible 
sensory input will increase phasic locomotor activity. 

CLINICAL APPLICATIONS 

Providing well timed assistance during LRT will 
produce better therapy outcomes. 
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Figure 1.Hamstring muscle recruitment patterns during 
two gait cycles for (A) therapist-assisted LRT and (B) 
robotic-aided LRT.  The recruitment pattern is more 
phasic for  robotic-aided LRT. 

cblondes
Typewritten Text




