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Introduction to tES



What is Neuromodulation

Neuromodulation, ( defined by the International Neuromodulation Society) 
as "the alteration of nerve activity through targeted delivery of a stimulus, 
such as electrical stimulation or chemical agents, to specific neurological 
sites in the body," is carried out to normalize – or modulate – nervous tissue 
function.

یل عواملل از قب)ایجاد تغییر در فعالیت نورونی از طریق تحریک: تعدیل عصبی
دن فعالیلت با هدف بهبلود  ارتالا یلا بهرجلار  لر( شیمیایی یا تحریک الکتریکی

نورونها



DBS and VNS



ElectroConvulsive Therapy (ECT)

ECT 800mA     
tES 2mA



Simple technical features

V= I x R

Current
Ampere (A, mA)

Voltage
Volt (V)

Resistance
Ohm (Ω)

Current= Up to 2mA



Definition

Red= Anode
Positive Pole

White= Cathode
Negative Pole



Types of tES
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Transcranial Alternating Current Stimulation



Types of tES

Transcranial Random Noise Stimulation
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Types of tES

Transcranial Pulsed Current Stimulation
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2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

tDCs 127 267 495 422 673 774 1052 1077 1422 1275 1471

tACs 11 42 53 29 70 90 112 150 205 185 206

tRNs 7 15 24 10 39 42 32 62 72 73 80

tPCs 1 3 3 12 10 12 7 11 7 9 9
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Efficacy, Safety and Flexibility

Feature tES TMS DBS

Safety

Targeting Ability

Depth of effect

Non-Invasive

Waveform control



Efficacy, Safety and Flexibility





Technical aspects tES



Montage

Anode
Cathode

Bipolar Montage Monopolar Montage Pseudo-Monopolar Montage



Current Density

Acceptable current= 80 uA/cm2

1mA=1000uA

𝑥

𝐶𝑚2
= 80

Pad Size= 5x5
𝑥

5 × 5
= 80

Pad Size= 10x10
𝑥

10 × 10
= 80

X=25x80=2000uA

X=100x80=8000uA

Best Stimulation Density

Targeting Ability ↑

Effective Current ↑



• High impedance= Skin burning without electrical penetration

• All devices must control impedance before and during treatment 
time.

Impedance



Impedance

V= I x R

V= I x R

Main Current= 2mA

Current is 
fixed to 2mA

V = I x R

In On-label devices voltage goes to 28V 
(Maximum)

On-label
Devices



transcranial Direct Current Stimulation (tDCS)



tDCS

Session TimeRise Fall

0

1

2

-2

-1

Transcranial Direct Current Stimulation



Mechanisms of tDCS

Under Anode:
Increase of positivity inside the axon

Anode

Cathode

Under Cathode:
Increase of negativity inside the axon



transcranial Alternating Current Stimulation (tACS)



tACS
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Transcranial Alternating Current Stimulation



• Specific brain oscillations have been associated with cognitive and 
motor functions in healthy and clinical populations and that it is 
possible to restore disturbed oscillatory activity by applying 
alternating current externally to the brain.

Mechanisms of tACS

Parameters of brain 
oscillations

Frequency Amplitude

Phase



• Specific brain oscillations have been associated with cognitive and 
motor functions in healthy and clinical populations and that it is 
possible to restore disturbed oscillatory activity by applying 
alternating current externally to the brain.

Mechanisms of tACS

Delta (1-4Hz)

Theta (4-8Hz)

Alpha (8-12 Hz)

SMR (12-15Hz)

Beta 1(15-18Hz)

Gama (+40 Hz)



• Usually currents induced by tACS do not affect cortical membrane 
excitability over sustained intervals of time; however, its effects 
during the brief phases of depolarization and hyperpolarization on 
each half cycle may induce online effects through entrainment. This 
entrainment process refers to the fact that synchronous activity from 
several cortical neurons adjust to the periodical signaling of external 
stimuli, such a repeating lights or sounds. 

• TACS is useful in modulating subcortical neural circuits and as a tool 
for enhancing motor skills and cognitive function

Mechanisms of tACS



Practical notes of tACS- Offset
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Offset= 0 mA

Main Current + Offset = 2 mA 
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OtDCS (Oscillatory tDCS)

Main Current + Offset = 2 mA 
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Main Current= 1 mA
Offset= 1 mA
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Main Current + Offset = 2 mA 



Practical notes of tACS- Offset

Bipolar tACS
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Main Current= 1 mA
Offset= 0 mA

Main Current= 1 mA
Offset= 1 mA

Unipolar tACS

OtDCS (Oscillatory tDCS)

Main Current + Offset = 2 mA 



Practical notes of tACS- Phase

A
CH1

A
CH2

C
CH1,2

CH 1
tACS 10 Hz

CH 2
tACS 10 Hz

Phase 
dif= 0



Practical notes of tACS- Phase

A
CH1

A
CH2

C
CH1,2

CH 1
tACS 10 Hz

CH 2
tACS 10 Hz

Phase 
dif= 90
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Types of tES
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• Transcranial random noise stimulation (tRNS) is a neuromodulatory
technique that involves the delivery of a bi-directional, randomly oscillating 
current. Introduction of a positive DC offset to the stimulation can produce 
a polarity-specific randomly oscillating current that produces effects similar 
to that of transcranial direct current stimulation (tDCS). It is thought that 
tRNS modulates cortical excitability by interfering with the ongoing neural 
oscillations in the cortex. In contrast to using a direct current, tRNS may 
avoid the homeostatic neural mechanisms associated with repeated 
stimulation sessions. This may be an advantage in clinical treatment 
protocols which seek to induce cumulative neuroplastic changes over 
multiple sessions. To date, there has only been one reported use of tRNS
with a positive DC offset for the treatment of depression. Findings were 
promising, suggesting therapeutic potential for this form of stimulation 
(Chan et al. (2012)). 

http://www.sciencedirect.com/science/article/pii/S1388245713005889#b0005




tPCS

Transcranial Pulsed Current Stimulation
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tPCS



• QEEG-Guided tES



•Cranio Electro Stimulation (CES)



• It has been suggested that the current results in an increase of the 
brain's levels of serotonin, norepinephrine, and dopamine, and a 
decrease in levels of cortisol. After a CES treatment, users are in an 
"alert, yet relaxed" state, characterized by increased alpha and 
decreased delta brain waves as seen on EEG

• Then the main application of CES is Alpha wave





https://neuromodec.com/nyc-neuromodulation-online-2020/event-list.html


