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Timing of Muscle Activity Onsets, as measured by EMG and MKI, mean ± std.dev.
Figure: MKI Measures 
kinetic activity of the distal 
limb via a wearable array of 
pressure sensors, aligned 
over the major muscles of 
the lower limb.

-One-way classification (ANOVA) calculates the inter-rater 
compatibility between the MKI and EMG.

Results were calculated for two days at moderate speed, 
and one day at high speed over 9 steps:

This correlation value indicates that there is reasonable-to-
excellent agreement between methods for quantifying 
timing within the gait cycle, when systematic biases are 
eliminated. 

-Onset (ton) and Offset 
(toff) defined as time of 
threshold after the 
footswitch. 

-Z-score shows that simultaneity of muscle activity timing 
is well within the range of statistical certainty.

Motivation: Gait analysis with EMG is a difficult and often 
laborious process1. An ideal interface should extract maximal 
information from the neuromuscular system (NMS) non-
invasively and at the same time provide high-bandwidth bi-
directional communication with the NMS. Goals: 1) Develop a 
minimally-invasive technology which will monitor an individual’s 
muscular activity through a simple and comfortable interface. 
2) Examine the correspondence between electrical activities 
pertaining to volitional activity and the subsequent muscular 
response.  Design: The Myokinetic Interface (MKI) is a 
wearable sleeve array of force-sensitive resistors (FSR’s) 
which decode in near real-time with linear trainable filters, to be 
worn comfortably around the distal limb, covering major muscle 
groups, recording their pressure distributions. Results: Close 
correlation between MKI and EMG was found in preliminary 
work on the application of MKI to the lower limb in gait analysis: 
MKI was found to be highly repeatable, and offers a counter-
argument to the concept of electromechanical delay in skeletal 
muscle. Projection: We are currently adapting the technology 
to people with a spinal cord injury,  Parkinson’s Disease or 
following a stroke as a biofeedback aid. Additionally, we are 
evaluating other materials for incorporation into the man-
machine interface including piezoelectric polymers poly-L lactic 
acid (PLLA) and poly-vinylidine fluoride (PVDF). 

-MKI is more repeatable than the standard means of 
detection of neuromuscular volition. 

Feature           EMG             MKI 
Detects both superficial and         No               Yes
deep muscular activity
Operates without precise             No               Yes 
electrode placement
Eliminates electrodes and gel      No               Yes
Easily donnable by users No               Yes
Useable in MRI No               Yes
Useable raw signals No               Yes
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Figure: Subject donned MKI and EMG on same (day 1)  and different (day 2) 
legs, and walked on a treadmill at 1.8, 3.0, and 6.0mph.
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-8 EMG tracks over 
the major anterior 
and posterior thigh 
muscles. 

-33 MKI tracks: 17 
ant/post thigh, 16 
shank
-Healthy female, 
mid-20’s, trained 
treadmill walker

-EMG and MKI on 
same (day 1) and 
different leg (day 2)
-EMG filtered with a 
simple 7-wt linear 
filter, MKI unfiltered.

Methods

The Variance Ratio (VR) quantifies the repeatability3 of the 
wave-forms over multiple (8) gait cycles: 

Variance Ratio (where ident-
ical signals 0 and random 
noise 1) calculated for EMG 
and MKI.

Figure: Overlays of signals from eight gait cycles: raw MKI (top) and EMG (bottom)

Repeatability

-MKI is demonstrably more repeatable than EMG2. 

Future: By providing a non-invasive and readily usable 
means of detection of muscular volition, many diagnostic 
and rehabilitative procedures can be conducted more 
conveniently, more affordably, and requires less expertise 
to operate and interpret. We are developing the MKI for 
use in control of prosthetic devices, gait analysis and as 
biofeedback in stroke rehabilitation. Extension: By 
evaluating PLLA and PVDF for their piezoelectric 
properties in these strain conditions, it may be possible to 
adapt the principles of the MKI for neuromuscular 
assessment  in vivo and the MKI itself for use in MRI.

-Timing statistics for the 3mph:

-MKI waveform outlasts EMG in-whole or in-part due to the 
muscle activation
-For timing, the EMG and MKI exhibit moderate to 
excellent compatibility.  
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Each step (determined by foot switch) is evaluated of 
on-set and off-set timing.

Z-scores show stasitical certainty in muscle activity 
timing.
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