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William Grey Walter and his book

2

“The deeper we seek, the 
more is our wonder excited”

                  (Abdus Salam)



Electroacupuncture book and website
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Timeline of EA research (from PubMed) 
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Electroacupuncture/TEAS – the brain and frequency

Han Jisheng & the 
HANS
stimulator

Bruce Pomeranz, 
Norman Salansky and 
the CODETRON 5
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EA neurophysiology – a summary from the 1990s
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ALS – LF, high intensity TLS – HF, low intensity 

(Acupuncture-like stimulation) (TENS-like stimulation) 

2-4 Hz (c. 200 μsec) 50-200 Hz (80-100 μsec) 

Small diameter afferents activated Large diameter afferents activated 

Segmental and supraspinal effects 
Segmental effects: large diameter  
fibres inhibit pain signals in small 
diameter fibres (‘Gate’ in dorsal horn) 

Release of β-endorphin and Met-  
enkephalin in the brain  

Release of dynorphin in spinal cord 

Central effects mean analgesia has 
slow onset and lasts longer – 30 mins 
may suffice for ongoing effect  
(cumulative effect) 

Spinal mechanism means analgesia  
has rapid onset and does not last  
long – longer periods of treatment  
may be necessary 

Little ‘tolerance’ develops from such 
short treatments 

Tolerance may develop from longterm 
use 

                                [~15 Hz will activate both mechanisms]  

Use acupoints (more small diameter 
fibres), locally or distally 

Stimulate locally (large diameter fibres 
are widely distributed) 

Deqi-like sensation important, results 
from strong stimulation 

Tingling, not deqi (high intensity may be 
uncomfortable) 

Single pulses Trains enhance comfort of single pulses 

LF does not produce muscle spasm  
at high intensity 

HF may result in uncomfortable tetany 
(may also be useful for spasticity) 
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Timeline of EA & entropy research (from PubMed) 
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Visual abstract by Tony Steffert 
(https://doi.org/10.3390/e23030321)

https://doi.org/10.3390/e23030321


Collecting data in the Physiotherapy Lab

Above: Participant with cap and Mitsar amplifier, eyes 
open, looking at an object to reduce eye movement. 
Researcher, hidden from view, observes onscreen EEG. 

Left: 19-channel EEG data with blink & muscle activity.
Right: EEG showing the effect of jaw clenching.
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Online initial questionnaire

       

 

8 x 5-minute slots 

Baseline Stim1 Stim2 Stim3 Stim4 Post1 Post2 Post3

Physiological monitoring (EEG, ECG, PPG, Respiration, Head movement)

Online initial questionnaire

Online debriefing questionnaire

Session – time line

Room 
temp

Room 
temp

Room 
temp

Room 
temp



Above: The Equinox stimulator and its output.
Below: Sensors and electrodes in place, showing 
fingertip PPG sensor, one ECG electrode on right 
forearm, and TENS electrodes at LI4 and on the ulnar 
border of the hands. ECG electrodes on the left 
forearm are not visible (thermistor on left middle 
finger is hidden by the PPG sensor).

TEAS – Stimulation details
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Note: True square waves are 
made up of odd ‘harmonics’. 

A 2.5 Hz square wave is the 
sum of sine waves at 2.5 Hz 
(the ‘fundamental’) and its 
odd ‘harmonics’ - 7.5 Hz, 
12.5 Hz, 17.5 Hz … etc. 
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Electrical activity in the brain. I. EEG electrodes
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The ‘10-20’ system

We used these 19 electrodes, recording with the linked ears

potential as ‘reference’ (zero). 
Some systems use 64, 128 or more electrodes.  

Fp     Prefrontal

F        Frontal

C       Central

T      Temporal

P       Parietal

O      Occipital

Left    Yang (odd)

Right    Yin (even)
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EEG caps at the MRC

‘Conductor’ and ‘orchestra’, wearing Muse 
headbands on the banks of the Cam



‘Capping up’

Sensors

Tony 
Explaining
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Band Frequency (Hz)
Delta 0.5 to < 4 Hz
Theta 4 to < 8 Hz
Alpha 8 to < 14 Hz
Beta 14 to 31 Hz
Gamma ≥ 32 Hz

EEG bands and potentially useful measures

HERMES, LORETA, Entropyhub and BLINKER are computational toolboxes 
used in EEG analysis. Numbers in the lower Table are approximate. 
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EEG ‘cordance’

Research by Leuchter et al. suggests
that blood perfusion within the brain
(motor strip) during a hand motor 
task is inversely correlated with alpha 
power or cordance (with eyes open 
or closed).

Others have found that blood 
perfusion correlates negatively with 
resting delta, not alpha power 
(O’Gorman et al. 2012).

We know EA improves blood flow.  

Will different frequencies of TEAS 
have different effects? 

Z-normalised cordance Relative power Absolute power

Adapted by Tony Steffert from Leuchter et al. 1999

Partial correlations between perfusion and EEG cordance or power 

p-values
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Literature review 1 

Abbreviations: 
EA: Electroacupuncture; IQR: Interquartile range; 

TEAS: Transcutaneous electroacupuncture stimulation; TENS: Transcutaneous electrical nerve stimulation. 
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Literature review 2 

Abbreviations:

DL: Deep learning
ML: Machine learning.

Dotted lines indicate trends – 
linear or exponential. 
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Some recent study results 1. Counts of peaks & powers 

Note the predominance of 
alpha (9-10 Hz) in both 
Tables of peaks, but not the 
Table of Maximum powers.RH LH
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Some recent study results 2. The somatosensory cortex

More even than odd harmonics of 2.5 Hz occur at 
C3 and C4 during Sham and 10 Hz TEAS,     

but this is less clear at 2.5 Hz, 
and the effect collapses at 80 Hz.

Note that the effect does not continue after TEAS.

What does this tell us about FFR vs VC?

FFR 1, VC 1
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EEG regions 1. Anterior (A) & posterior (P)

A

P

N peaks
During
TEAS
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EEG regions 2. Left (L) & right (R)

L R

N peaks
During
TEAS
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EEG regions 3. Central (C) and outer (O)

C

O

During 2.5 Hz stimulation, 
more peaks occur at the central electrodes

(p < 10-6) .
During 10 Hz stimulation, 

similar numbers of peaks occur centrally 
and at the outer electrodes (n.s.).

During Sham and 80 Hz stimulation, 
more peaks occur at the outer electrodes

(p < 10-6, p = 0.004). 

N peaks
During
TEAS
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EEG regions 4. All and harmonic peaks

Peaks – especially harmonic peaks – occur more often  
during TEAS on the Left (but not at 10 Hz), Posteriorly 

and Centrally (at 2.5 Hz).

FFR 2, VC 2
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Local peaks – before, during and after TEAS

Total Counts

CV = 0.173
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Cordance: a work-in-progress 1

Inset: with Delta removed

Alpha cordance decreases at 
all frequencies except 2.5 Hz.

Slopes:
Sham -5.9
2.5 Hz +2.5
10 Hz -13.4
80 Hz -4.1

Does this tell us anything 
about blood perfusion?

SlotsSlots

Slots Slots
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Cordance: a work-in-progress 2

Significant differences in cordance with frequency occur 
more often on the Left and Anteriorly than 

on the Right or Posteriorly (p < 10-2, p < 10-4).

During stimulation, posterior/anterior, left/right and 
central /outer ratios of positive cordance (‘concordance’) 

are all greatest during sham TEAS.

Left: Differences in cordance with frequency are fewer post-TEAS. 
Right: At some electrodes, these differences are more evident in 1-Hz bins than standard bands. 

FFR 3, VC 2?

Slots Slots
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EEG linear time-domain measures

Is 10 Hz TEAS ‘different’
in some way.

If so – what does this 
tell us?

Slots

Slots

Slots

Slots
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Deep Learning vs Machine Learning 1

Abbreviations: 
ANN = Artificial Neural Network; CNN = Convolutional Neural Network; (F)LDA = (Functional) Linear Discriminant 

Analysis; k-NN = k-Nearest Neighbours algorithm; LSTM = Long Short-Term Memory; MLP = Multi-Layer Perceptron; 
NB = Naïve Bayes; SVM = Support Vector Machine. 
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Deep Learning vs Machine Learning 2

• Splitting data into subsets for training and evaluation may introduce artefacts that are exploited by the classifier
• Training dataset size, confounding clinical variables, and variability in data collection and interpretation may affect generalisability of all 

methods. Regularisation or data augmentation may improve model generalisability in both DL and ML
• Increased complexity may not improve accuracy!

       [References to these Tables available on request]
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