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1.  Abstract
Do spike-triggered averages (SpikeTAs) of rectified EMG change 
during different movement tasks?  Although SpikeTA effects from a 
given neuron-muscle pair may appear different during different tasks, 
means of identifying significant changes are lacking. We therefore 
extended the multi-fragment approach to compare SpikeTA effects 
obtained while a monkey performed a simple squeeze task (our 
standard individuated finger movement task) with SpikeTA effects
obtained while the monkey performed direct reinforcement of 
physiological discharge (attempted a novel finger movement task). 
Comparing SpikeTA effects sometimes was complicated by an 
underlying curvilinear trend in the average EMG baseline.  We 
therefore made an increment shifted average (ISA) of EMG around 
each spike by creating artificial triggers in 1 ms increments from 30 
ms before to 50 ms after the spike.  We then used these 81 triggers to 
compile an average of rectified EMG. All these single-spike ISAs then 
were averaged to produce an overall ISA.  This overall ISA captured 
slow trends in the baseline EMG, while distributing any spike-locked 
features evenly throughout the 80 ms analysis window. The overall 
ISA then was subtracted from the raw SpikeTA, removing any slow 
baseline trends for more accurate measurement of SpikeTA effects. 
Spike trains recorded in each task were divided into non-overlapping 
fragments of 100 spikes each, and a separate, ISA-corrected, 
SpikeTA was compiled for each fragment. The peak percent increase 
(PPI), onset latency, offset latency, and peak width at half maximum 
(PWHM) then were measured for each fragment-SpikeTA.  Changes 
in a SpikeTA effect were considered significant when the PPI, onset, 
offset or PWHM of these fragment-SpikeTAs differed significantly 
between tasks.  For many neuron-muscle pairs, SpikeTA effects 
showed no change.  But for some neuron-muscle pairs, SpikeTA 
effects present during one task were absent during another task, while 
for other neuron-muscle pairs PPI, onset and offset latencies, or 
PWHM changed significantly between tasks.   
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3.  Behavioral Tasks

2.  Potential mechanisms 
for producing various 
SpikeTA effects

6. Conclusions
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ABOVE: Microelectrode 
recording with spikes from 
one neuron discriminated as 
pulses used as triggers for 
Spike-triggered averaging of 
EMG.  Eighty-one triggers 
for the increment shifted 
average of EMG were 
generated at 1 ms intervals 
centered on each pulse 
discriminated from the 
neuron.

LEFT: Examples of various 
baselines (shown in 160 ms 
initial SpikeTAs) removed 
from the adjusted SpikeTA
(80 ms) by subtraction of the 
ISA

RIGHT: Example of multiple 
SpikeTAs of a single neuron 
adjusted by subtracting the 
ISA estimate of the baseline 
trend in the initial SpikeTA
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1.  The SpikeTA effect of a given neuron-muscle pair can change rapidly. 

2.  Such changes may reflect activation of different networks of neurons in 
conjunction with the trigger neuron to activate the same muscle during 
different behaviors.  

3.  Increment Shifted Averages effectively adjust SpikeTAs to correct for 
curvilinear baseline trends.  

Microelectrode

SpikeTA triggers
ISA triggers

EMG

Epoch 1 2 3 4 5 6 7 8 9 Epoch 1 2 3 4 5 6 7 8 9
P values Filtered triggers

    ED23 0.21225409 0.12249562 0.98055763 0.26865172 0.8952073 0.76819431 0.93016402 0.21244603 0.08330229     ED23 13465 22197 18724 20143 19847 20003 17415 16457 7030
  Hypoth 0.41070907 0.00506426 0.00000384 0.00448839 0.0000002 0.00027854 0.03953225 0.00816506 0.11175316   Hypoth 15319 23257 21461 21236 23819 21338 19679 19531 10508

     FDI 0.19900285 0.97020164 0.0009347 0.34444995 0.05630474 0.08955706 0.20477332 0.74272259 0.91410761      FDI 13861 21719 19332 19157 22332 19438 18913 17555 10105
  Thenar 0.6778083 0.00013999 0.00000013 0 0 0 0.95603939 0.00010165 0.06157758   Thenar 14045 22911 20298 20915 21676 19844 17381 17541 8953
     FDS 0.00591829 0 0 0 0 0 0.00000411 0.00000005 0.13315302      FDS 15816 21920 20674 20448 22888 19075 16546 18701 9831
    FDPr 0.98368932 0.45556128 0.00046363 0.00003271 0.00992827 0.05528809 0.26463019 0.98127385 0.12197375     FDPr 17326 22408 16953 20406 18349 19337 16584 17313 10558
     APL 0.03241589 0.05224062 0 0.00011995 0 0.00017834 0.0000127 0.00000001 0.36781175      APL 16450 22676 19978 21080 21922 21126 19488 20435 10592

    FDPu 0 0 0 0 0 0 0 0 0     FDPu 16109 23327 21867 21666 24470 20928 18479 20100 9323
     FCU 0.00000011 0 0 0 0 0 0 0 0.00000469      FCU 16628 23259 21848 21615 24462 20920 18561 19946 9032
      PL 0.00000197 0 0 0 0 0 0 0 0.00000165       PL 16608 22753 21591 21144 24148 20292 17937 19497 10161

     FCR 0.00095039 0 0 0 0 0 0 0 0.26897121      FCR 15668 21224 19276 19550 20665 18239 15060 17134 9575
    ECRB 0.85392423 0.01482997 0.0239098 0.11784738 0.13567901 0.02140071 0.80061094 0.07594604 0.05485308     ECRB 15760 23631 22186 21944 24678 21687 19928 20467 10785
    ED45 0.00640999 0.28549195 0.64910625 0.16652693 0.01162705 0.40678449 0.36181838 0.10100916 0.13743106     ED45 9343 9498 3419 7944 5143 9632 8251 7898 5094
     ECU 0.9933802 0.12771611 0.52762538 0.26853924 0.5224409 0.0085259 0.54099842 0.8159518 0.8124866      ECU 16544 23592 22337 22103 25073 21928 20216 21130 9104

Epoch    1          2        3        4         5         6     7         8        9
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5. Multi-fragment Approach

??  Are different mechanisms 
active for the same 
neuron-muscle pair during 
different behaviors?

Squeeze Task

Reinforcement of 
Physiological 
Discharge   (RPD)

Sidebar:   Increment Shifted Average (ISA) adjusts 
SpikeTA to correct for curvilinear baseline

4.  Variation in SpikeTAs across behavioral 
epochs in a single session

Each frame shows an actual SpikeTA effect above and a 
schematic potential mechanism below. Horizontal bars 
beneath the SpikeTA effects represent 10 msec; vertical 
bars indicate spike onset time:

ABOVE: SpikeTAs of 14 muscles from a single neuron during 9 epochs 
of a single continuous session in which the monkey first performed the 
squeeze task, and then performed RPD of the neuron paired with various 
muscles. 

RIGHT: Variation in the Onset latency and Peak-Width at Half Maximum 
of the SpikeTA effects shown above.  

BELOW: For each Spike-triggered average above, tables give 1) the P-
value for the presence of a peak or trough in a window 6-16 ms after the 
trigger, and 2) the number of EMG-filtered triggers used to compile the 
average.

ABOVE: For each of the two SpikeTAs from 
e0030-UnitB-FDPu shown in A, B shows fifteen 
sequential fragment SpikeTAs each compiled from 
100 spikes.  (All traces are 80 ms)

RIGHT: Peak Percent Increase (PPI), Peak Width 
at Half Maximum (PWHM), baseline EMG, neuron 
firing rate, and MFSA statistic Dj, measured for 
each 100-spike fragment for e0030-UnitB-FDPu, 
are plotted as a function of the time at which the 
fragment started.   

BELOW: Measurements made on SpikeTA
effects or on SpikeTA fragments.


