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While on average higher for PD off meds, these measures are not static and do exibit dynamic 
fluctuations during a recording, even at rest. Each was calculated for a representative patient 
off-medication using a 30 second sliding window with a 25 second overlap. 
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-Waveforms become more symmetric after 
medication.
-Sharpness ratio, steepness ratio, and PAC 
decreased in sensorimotor channels with 
medication (wilcoxon, p=0.006, p=0.003, 
p=0.009, respectively).
-For temporalis channels, sharpness ratio, 
steepness ratio, and PAC did not differentiate 
groups (p=0.733, p=0.156, p=0.394, 
respectively), arguing against the differences 
being driven by muscle artifact.
-Sharpness ratio and steepness ratio both 
correlated with PAC. 
-Partial correlations measure the relationship 
between PAC and one waveform ratio while 
controlling for the other.  
-When metrics are combined, they account 
for 72% (off medication) and 83% (on 
medication) of the variance of PAC.
-Asterisks indicate p<0.01.

* *r=0.70 r=0.71
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PAC was calculated using the normalized 
modulation index method. Beta (13-30 Hz) and 
gamma (50-150Hz) signals are isolated using FIR 
filters. Gamma amplitude and beta phase are 
extracted from the Hilbert transform of each of their 
components. The preferred coupling phase was 
then calculated.1

-Waveform shape can differentiate PD patients on and off medications using scalp EEG.

-It is known that PD is associated with excessive beta synchrony, our results suggest that one way that this 
pathophysiological synchrony is manifest is in a change in waveform shape at the scalp, as well as increased 
PAC.  

-Multiple parts of our analysis suggest that each measure may detect different aspects of (perhaps the same) 
underlying PD pathophysiology, including ROC curve profiles and the percent variance of PAC explained by 
waveform shape.

-Considering waveform shape as an inclusion criteria for our group analyses improved the effect size, 
suggesting that development of a method to extract waveforms of a specific shape from a signal might result 
in a more powerful biomarker. 

1) Cole et al. 2017. The Journal of Neuroscience.
2) George et al. 2013. Neuroimage Clin.
3) Hemptinne et al. 2013 PNAS.  
4) Pfurtscheller et al. 1997 Electroencephalogr Clin Neurophysiol.
5) Swann et al. 2015. Annals of Neurology. 
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Steepness ratio is calculated with the following equations1:
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-We re-analyzed a previously published 
EEG dataset from another lab2 .
-3 minutes of resting data from 15 PD 
patients, on and off medications.
-512 Hz using a 32 channel Biosemi 
ActiveTwo System.

Analysis of :
-C3 and C4 channels, which are closest to 
the sensorimotor cortex.
-F7 and F8 channels, which are closest to 
temporalis muscles.

Waveform shape was calculated using a 
previously published method1.
1) Identify zero-crossings in the 
beta-filtered(13-30Hz) signal, 
2) In the raw signal, find peaks and troughs 
between these zero-crossings 
3) Calculate sharpness and steepness 

log sharpness ratio log steepness ratio PAC

Results

Receiver Operating Characteristic(ROC) curves show the binary classification power of a 
metric, where the closer area under the curve(AUC)  is to 1, the better the classifer is. Each 
metric adequately classifies medication states.

ROC: PAC ROC: Steepness Ratio ROC: Combined MetricsROC: Sharpness Ratio
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-Neural activity in the beta frequency range (13-30 Hz) 
is excessively synchronized in PD.

-This synchrony can be detected as phase amplitude 
coupling, PAC, between beta phase and broad-band 
gamma amplitude. Sensorimotor PAC is elevated in PD 
in recordings using both electroencephalography (EEG) 
and electrocorticography (ECoG) 3,5.

-In ECOG recordings, sensorimotor waveform shape 
differentiates PD patients on and off medication1. 

Background

Sharpness ratio is calculated with the following equations1:

Temporalis ChannelsSensorimotor Channels

-Each quadrant corresponds to a different waveform 
shape and the color map represents PAC values. 

-Most sensorimotor data fell into the lower right quadrant 
(colored in green) which corresponds to the canonical 
“mu” shape4. 

-Temporalis data was less localized to a single quadrant. 
This general pattern was the same when a mastoid 
reference was used as opposed to the common average.
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-Parkinson’s Disease (PD) is a neurodegenerative disorder characterized by  
degeneration of dopaminergic cells. The hallmark symptoms are rigidity, 
bradykinesia, and akinesia.

Partial 
Correlations 
with PAC 

OFF (r, p) ON (r, p) 

Sharpness 
Ratio 

0.47, 0.07 0.60, 0.19 

Steepness 
Ratio 

0.63, 0.01 0.69, 0.004 

-“Mu quadrant” oscillations have a sharper peak with 
a steeper fall. The sensorimotor activity from 9 out of 
15 patients fell within that quadrant for on and off 
medications. We calculated effect size (Hedges’ g) 
for mu quadrant patients and compared it to effect 
size for all patients, for on versus off medications.

-Effect size increased when only including data from 
the mu quadrant.

Our questions:
-Using EEG, does sensorimotor waveform shape differentiate PD patients?
-How do waveform shape metrics relate to PAC?
-Does including specific waveform shapes affect group differentiation?


