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tDCS APPLICATIONS

\
an investigatory

tool

a brain boosting
technique in healthy
individuals

J
~N

a treatment
technique

Bahareh Rezaei, Assisstant Professor,
amedan University of Medical Sciences



Therapeutic Potentials for tDCS

« Depression
« Schizophrenia
« Acute Mania
« Bipolar Disorder
« OCD
« PTSD
« Other Anxiety Disorders
« Pain
— Visceral pain
— Atypical facial pain
— Phantom pain

« Food and Drug Craving

Alzheimer Disease
PD

Focal Dystonia
Epilepsy
Stuttering

Tics
Neurorehabilitation
— Neglect

— Aphasia

— Hand weakness

Migraine
Tinnitus
TBI

Dr. Bahareh Rezaei, Assisstant Professor,
Hamedan University of Medical Sciences



TDCS COULD BE USED:

As a stand alone therapeutic intervention
tDCS alone

As an adds-on therapeutic intervention (as a
priming technique) : offline

tDCS + Motor training programs : online

Dr. Bahareh Rezaei, Assisstant Professor,
Hamedan University of Medical Sciences



Caputron Electrodes
Amrex style electrodes composed of
a rubber backing, metal mesh, and
sponge insert (2x2 or 3x3)

lontophoresis Cables
Standard lontophoresis cables to attach
to the connector snaps of the
dispersive pads

Batteries
9V Duracell Alkaline Batteries

Banana Lead Cable
Caputron lead cable plugs into

your iontophoresis device and acts as
an adapter to amrex style electrodes

Dr. Bahareh Rezaei, Assisstant Professor,
Hamedan University of Medical Sciences

Caputron Universal Strap
One size fits all tDCS solution
for achieveing every montage wiith
just one strap

Activadose |l lontophoresis
Constant DC Current Source

Caputron Sponge Inserts
Amrex style sponge insert
replacements for sponge electrodes
(2x2 or 3x3)




Battery Compartment

Use only 9V DC Alkaline. Ensure battery door is in

place before starting treatment. Remove battery
from unit when not in use.

Current (mA)
Indicates the current setting of the device. Current
can be adjusting by rotating the current setting kob.,
Maximum current is 4.0 mA

Time Reamaining/Status
Clearly and brightly indicates the time remaining for
each stimulation easily set by the duration knob Al-
s0 indiicated the status of the device, Start/Pause

Output Jack

Lead wire connection terminal

Dose/Power On-Off

Control and set the dose. Start/Pause/Stop the
session
(4 mA x 10 min = 40mA-min dose)
(2 mA x 20 min = 40 mA-min dose)

Status LED

Displays ON/Active and Low Battery

Dr. Bahareh Rezaei, Assisstant Professor,
Hamedan University of Medical Sciences
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» Stimulation strength: 20-30 mA

» Electrode size: 5x5cm , 5x7 cm

» Duration of stimulation: 10-30 min

Dr. Bahareh Rezaei, Assisstant Professor,
Hamedan University of Medical Sciences
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Each site has a letter to identify the lobe and a
number to identify the hemisphere location.

F Frontal
Temporal

Central *

Parietal

Occipital



Dr. Bahareh Rezael, Assisstant Professor,
Hamedan University of Medical Sciences



Step 1

Take a measuring tape and use the centimeter side.
Measure over the center line of the scalp, from the Nasion (bridge of the nose) to the Inion (occipital pretu-

berance). Note the total length.

For our example, the total length is 36 cm.

Dr. Bahareh Rezaei, Assisstant Professor,
Hamedan University of Medical Sciences



Step 2 Step 3

Measure and mark 50% of your total. Measure and mark 10% up from the Nasion and
'This is your preliminary Cz mark. 10% up from the Inion.
'These are your preliminary mark of Fpz and Oz.

In our example 36 cm /2 =18 cm
In our example 10% of 36 cm is 3.6 cm

/ N :
Dr. Bahareh Rezaei, Assisstant Professor,
Hamedan University of Medical Sciences



Step 4 Step 5

Mark 20% from either the first mark of Fpz or Cz.  Measure from preauricular point to preauricular-
These will be your preliminary marks of Fz and Pz.  point. Lightly run your finger up and down just
anterior to the ear; the indentation above the zygo-
matic notch is easily identified. Opening the mouth
slightly makes it easier to find the exact location.
Note the total length.

In our example 20% of 36 cm is 7.2 cm

For our example it is 38 cm
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Step 6 Step 7

Measure and mark 50% of your total. Measure and mark 10% up from the pre auricular
At the intersection with your previous 50% mark points. These are your preliminary marks of T'3 anc
from the Nasion to the Inion is your true Cz mark. ~ T4.

In our example 38 cm /2 = 19 cm In our example 10% of 38 cm is 3.8 cm
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Dr. Bahareh Rezaei, Assissta
Hamedan University of Medi



Step 8

Measure from your first mark of T3 to Cz.

Note the total length.

Measure from your first mark of T4 to Cz.

Note the total length.

For our example 15 cm

2N

Step 9

Measure and mark 50% of the totals in the previous
step. These are your preliminary marks of C3 and
C4.

In our example 15 cm /2 = 7.5 cm
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Step 10 Step 11

Draw a cross section mark on Fpz. Encircle the measuring tape accross your 10% Fpz
'This is your true Fpz mark. mark and the 10% Oz mark at the back of the head.
Note the total circumference of the head.

Measure 50% of the total circumference from Fpz
to the back of the head. At the cross section with

your preliminary Oz mark is your true Oz mark.

For our example 56 cm / 2 = 28 cm

s

ahareh Rezaei, Assi
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Step 12 Step 13

Measure and mark 5% of total circumference to the ~ Measure and mark 5% of total circumference to the
left and right of Oz. These will be your true marks left and right of Fpz. These will be your true Fp1
of O1 and O2. and Fp2 marks.

In our example 5% of 56 cm = 2.8 cm In our example 5% of 56 cm = 2.8 cm




Step 14 Step 15

Measure and mark 10% down from Fp1 and Fp2. Measure from F7 to F8 and note your distance.
These are your marks for F7 and F8.

In our example 10% of 56 cm = 5.6 cm For our example 32 cm

Positioning for T'5 and T6 is analogous to step 14 for

j.Bahareh Rezagi, Assisstaat Pypfessor,

%, . letermining 1 ]
amedan University of Medical Sciences



Step 16 Step 17

Measure and mark half of the distance between F7 Measure from F7 to Fz, note the distance.
and F'8. At the intersection with your preliminary Measure from F8 to Fz, note the distance.
Fz mark is the true mark for Fz.

In our example 32 cm /2 =16 cm For our example 16 cm and 16 cm

Positioning for Pz is analogous to steps 15 and 16 for




Step 18 Step 19

Measure and mark half of the distance between F7-  Measure and mark 20% of the Nasion-Inion
Fz and F8-Fz. These are your preliminary marks for  distance from FP1 to F3. At the intersection will be
F3 and F4. your true F3 mark.

Measure and mark 20% of the Nasion-Inion
distance from FP2 to F4. At the intersection will be
your true F4 mark.

In our example 16 cm /2 =8 cm

In our example 20% of 36 cm =7 cm

Positioning for P3 and P4 is analogous to steps 17,18
and 19 for determining F3 and F4

Dr. Bahareh Rezaei, As
Hamedan University of W



Step 20

Measure from Fp1 to O1, to obtain your
preliminary mark of C3.

Measure from Fp2 to O2 to obtain your
preliminary mark of C3.

For our example 28 cm

Step 21

Measure and mark half of the distance Fp1-O1.
Where your first and second marks intersect will be
your true C3.

Measure and mark half of the distance Fp2-O2.
Where your first and second marks intersect will be
your true C4.

In our example 28 cm / 2 = 14 cm




Dr. Bahareh Rezael, Assisstant Professor,
Hamedan University of Medical Sciences
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Electrode Montages In
Transcranial Direct Current
Stimulation

Total tDCS



Transcranial Electrical Stimulation Montages

1. Single Channel
a. Unilateral
i. Monopolar
ii. Bipolar
iii.Double Monopolar
b. Bilateral
i. Bipolar, Balanced or Non
Balanced
ii. Double Monopolar, Balanced or
Non Balanced
¢. Midline
i. Monopolar
ii. Bipolar
iii.Double Monopolar
2. Dual Channel
a. Bipolar
b. Double Monopolar

Dr. Bahareh Rezaei, Assisstant Professor,
Hamedan University of Medical Sciences
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Unilateral Montages

1. Monopolar: In this montage, one electrode is
positioned on the scalp and the other one is placed on
any other part of the body: F3/contralateral shoulder

Dr. Bahareh Rezaei, Assisstant Professor,
Hamedan University of Medical Sciences



Unilateral Montages

2. Bipolar: In the unilateral bipolar subgroup, both
electrodes are positioned over the same hemisphere
(e.g. F3/TP3). In this condition the targeted hemisphere
iIs modulated while the other hemisphere is supposed
to remain unaffected by direct effects of stimulation.

Dr. Bahareh Rezaei, Assisstant Professor,
Hamedan University of Medical Sciences



Unilateral Montages

Multiple-Monopolar: The target electrodes of identical
polarity are placed over one hemisphere and the return
electrode is positioned over another part of the body. An
example could be F3 & P3/contralateral shoulder, to

modulate frontoparietal networks contributing in
attention processing.

Dr. Bahareh Rezaei, Assisstant P
Hamedan University of Medical Sciences



Bilateral Montages

1. Bipolar-Balanced: The electrodes are placed symmetrically.
This montage is supposed to be suitable for simultaneously
activating a brain region and inhibiting its contralateral
counterpart. An example of this montage is F3/F4

Dr. Bahareh Rezaei, Assisstant Profe ;
Hamedan University of Medical Sciences



Bilateral Montages

2. Bipolar-Nonbalanced: For example, the anode could be
placed over P3 and cathode over P6, which was Jacobson’s
montage of choice in his study on episodic memory
(Jacobson, Goren, Lavidor, & Levy, 2012).

/

Dr. Bahareh Rezaei, Assisstant Professor —/

Hamedan University of Medical Sciences




Bilateral Montages

3. Multiple-Monopolar: An example is the
T3&T4/right deltoid muscle montage that was used in
some protocols for enhancing visual memory
(Lapenta, Fregni, Oberman, & Boggio, 2012), (Boggio,
et al., 2012).

f I_L.
\

Dr. Bahareh Rezaei, Assisstant Professor,
Hamedan University of Medical Sciences
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Midline Montages

1. Monopolar: In this type, the target electrode is
placed over the midline area and the return electrode
is placed over an extracephalic position (e.g. Fz/Left
cheek to modulate inhibitory control) (Hsu, et al.,
2011).

Dr. Bahareh Rezaei, Assisstant Professor,
Hamedan University of Medical Sciences



Midline Montages

2. Bipolar-Balanced: Both electrodes will be placed
over midline regions. One prevalent montage of this
subgroup is Oz/Cz which is common in visual studies.

/

Dr. Bahareh Rezaei, Assisstant Professor,
Hamedan University of Medical Sciences



Midline Montages

3. Bipolar-Nonbalanced: The target electrode will be
placed over the midline region with an intracephalic
return electrode positioned over any part of scalp
except midline. An example could be Cz/FP2 (Stagg,
et al., 2009).




Double Channel Montages

1. Bipolar: An example would be F7/left shoulder and
right shoulder/F8. This montage provides us with an
opportunity to perform anodal tDCS over F7 and
cathodal tDCS over F8 simultaneously (Lee, Cheon,

Yoon, Chang, & Kim, 2013).

¥
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Double Channel Montages

2. Midline Double-Monopolar: The active electrodes
are positioned over midline regions. An example is
Fpz/right shoulder and Pz/left shoulder.

areh Rezaei, Assisstant Pr .
an University of Medical Sciences
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Double Channel Montages

3. Bilateral Double-Monopolar: Two electrodes of

same polarity are placed over the scalp and 2 other
electrodes will be positioned over the contralateral
orbits or above contralateral parts of the body (e.g.
P3/ contralateral orbit and P4/contralateral orbit)

(Klein, et al., 2013). /

Dr. Bahareh Rezaei, Assisstant Professor,
Hamedan University of Medical Sciences
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(1. What are the target populations
(based on the hypothesis?

Ry

(2. What s the cognitive function of
mterest and its assessment method?

L

(3. Which area of the brain is the region
of interest based on the hypothesis?

\

J0

(4. Whatis the hypothesized direction of
mt:bdulatll:'m‘7| (stimulation and/or inhibition)

.

I

(5. Where should we place the reference

electrode?
I7

6 What are the control interventions?

 (Active and Sham) _
<z

(7. What types of TCS effects do we
ktarget‘? (online and/or offline)

~Z

8 What is the stimulation protocol of

\the device?
I7

9 How is the blindness implemented in

\the study?
7

r‘l 0. What is the study procedure and its
\'statistical_analysis model? pr Bahareh Re

Hamedan University o

.::" The groups of individuals to whom we are going to

1 generalize the results (e.g. Just healthy subjects or
healthy subjects and Alzheimer patients)

j' Functional and regional effects of interventions could be
g measured with behavioral methods (including psychological
1 self-reports and cognitive tasks) and/or brain mapping
\_ techniques (including EEG and flRI), respectively J

/A selected and accessible region of the brain which we are "
‘ going to modulate and then measure the hypothesized

1 effects of the intervention on it (e.g. Right Dorsolateral

\ Prefrontal Cortex) /

-, -

{-"- The types of active intervention (stimulation with Anode
7 electrode or inhibition with Cathode electrode), which we
l propose, would produce the hypothesized effects ‘

- -

{! Specifying the location of reference electrode based on
available electrode montages

i/~ Aseries of conditions to be compared with active
‘ intervention(s) during statistical analysis (e.g. Sham
stimulation over the same region of active intervention or
Active stimulation of another region)

{ TCS effects could be assessed during the current flow in
<. the brain (direct TCS effects) and/or after the current flow
termination (post TCS effects) in online and offline

settings, respectively

The stimulator settings which include current type and
density and stimulation time

) 4’
-

]

.,f Avoiding bias during data collection and analysis,
*1 subjects, examiners and analysts should be blind to the
type of intervention in single, double or triple levels.

‘ "f Specifying number of sessions and groups of subjects as
zpei, A

sisstant @ “theé hypothesis based on the data

DMMaodical Cotnn
NreetEaTrotteR€ees

S{( the stu%y procedure and defining the statistical model to
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Single Target Methods ot schve evectiode
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Neurocognitive Assessment Brain Mapping ;
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Populations Behavioral and
* Brain Mapping
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Extracephalic electrode can be Two Intracephalic -
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One Infracephalic - "
Ref. Electrode : Electrode Active
Placement One Extracephalic Montage Cathodal Intervention
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Controlateral
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based on the hypothesis?

[1-What are the target populations ] {_,--

The groups of individuals to whom we are going to
generalize the results (e.g. Just healthy subjects or
healthy subjects and Alzheimer patients)

2

(2. What is the cognitive functionof | ./
. interest and its assegsment method? ] l

Functional and regional effects of interventions could be
measured with behavioral methods (including psychological
self-reports and cognitive tasks) and/or brain mapping
techniques (including EEG and fiMRI), respectively i

1T A

(3. Which area of the brain is the region
of interest based on the hypothesis?

N
a—

\,

JT .

__i" A selected and accessible region of the brain which we are A

A going to modulate and then measure the hypothesized

effects of the intervention on it (e.g. Right Dorsolateral
Prefrontal Cortex)

Assessment
Methods

. Single Target
Eypomass Population
Neurocognitive
Function of Interest
Multiple Target
Populations
1_|

Behavioral
Methods

rSmxﬁsﬂeﬂxe
\ﬁaﬂedRNMe
N

Brain Mapping
Methods

Behavioral and

Brain Mapping
Methods

Region of Interest

CcQ1-3

Dr. Bahareh Rezaei, Assisstant Professor,
Hamedan University of Medical Sciences



Ny
(4. What is the hypothesized direction of
modulation? (stimulation and/or inhibition)
,

-

C-J' The types of active intervention (stimulation with Anode ‘
1 electrode or inhibition with Cathode electrode), which we
l propose, would produce the hypothesized effects

4

-

‘ electrode?

(5. Where should we place the reference

Extracephalic electrode can be
placed on supraorbital, shoulder,
controlateral orbit, efc

Two Intracephalic -

Ref. Elecirode |,

One Extracephalic
(Double Monopolar)

{J Specifying the location of reference electrode based on
available electrode montages

One Infracephalic -

Placement

21

One Extracephalic
(Monopolar)

Two Bilateral
Infracephalic

(Bipolar)

Elecirode

Anodal

Montage

Cathodal

Anodal and
Cathodal

F

Active
Intervention

F 3

cQ4,5

Dr. Bahareh Rezaei, Assisstant Professor,
Hamedan University of Medical Sciences




L

ES. \What are the control interventions?
(

Active and Sham)
M

A series of conditions to be compared with
intervention(s) during statistical analysis (e.g

2.2

N7

Control
Intervention

Active stimulation of another region)

active
Sham

stimulation over the same region of active intervention or

\

/

Same Region -
> Another
Intervention

r

\

Controlateral
Region - Same
Stimulation

Active
Control

\

rAnother Region -
Same
Stimulation

» Sham Control

CQ6

Dr. Bahareh Rezaei, Assisstant Professor,
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the brain (direct TCS effects) and/or after the current flow

7. What types of TCS effects do we TCS effects could be assessed during the current flow in
target? (online and}gr offline) termination (post TCS effects) in online and offline

{ 7 settings, respectively

Pre-Post TCS
Assessment

Only Post TCS
Assessment

During TCS
Assessment

Target TCS
Effect

€« Online

Pre-During-Post | :
TCS Assessment Mixed ty

3 cQ7

Dr. Bahareh Rezaei, Assisstant Professor,
Hamedan University of Medical Sciences
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The stimulator settings which include current type and
density and stimulation time

8. What is the stimulation protocol of
the device?

5]
Rl

No Anode vs.
Cathode Electrodes
Alternating
‘_

Current Intensity
(m Amp)

Direct <

—»  Time (Sec) Stimulation Time || Ramping Time

4 : ] CcQs8

Dr. Bahareh Rezaei, Assisstant Professor,
Hamedan University of Medical Sciences



9. How Is the blindness implemented in Avoiding bias during data collection and analysis,
the study? subjects, examiners and analysts should be blind to the

{r} " . type of intervention in single, double or triple levels
> Single Blind
Subjects
are blind
Blindness Double Blind |
Subject and

examiners are blind

> Triple Blind

Subjects, examiners

5 and analysts are blind CcQ9
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10. What is the study procedure and its Specifying number of sessions and groups of subjects as
statistical analysis model? the study procedure and defining the statistical model to

test the hypothesis based on the data

Concern: Matching

Advantage: No follow up; One session per subject
Disadvantage: Larger sample size

Study Type for
Each Target

Multiple Groups + | | pandomization of Subjects
Single Session Across Groups

Case control Wash out
period

Crossover

Randomization of Subjects

One Group + :
P A Across Session Orders

Multiple Sessions

=

R
Concern: Carryover effect; Habituation |/ |nference and Statistical
Advantage: Smaller sample size

Disadvantage: Follow up

Outcome Analysis Model

>

I CQ10

Dr. Bahareh Rezaei, Assisstant Professor,
Hamedan University of Medical Sciences
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ABSTRACT

Transcranial current stimulation (TCS) is a neuromodulation method in which the patient is
exposed to a mild electric current (direct or alternating) at [-2 mA, resulting in an increase
or a decrease in the brain excitability. This modification in neural activities can be used as
a method for functional human brain mapping with causal inferences. This method might
also facilitate the treatments of many neuropsychiatric disorders based on its inexpensive,
simple, safe, noninvasive, painless, semi-focal excitatory and inhibitory effects. Given this,
a comparison amongst different brain stimulation modalities has been made to determine
the potential advantages of the TCS method. In addition, considerable methodological
details on using TCS in basic and clinical neuroscience studies in human subjects have
been introduced. Technical characteristics of TCS devices and their related accessories with
regard to safety concerns have also been well articulated. Finally, some TCS application
opportunities have been emphasized, including its potential use in the near future.
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Transcranial direct current stimulation (tDCS) is a technique that has been intensively investigated in the past decade as this method offers a

non-invasive and safe alternative to change cortical excitability’. The effects of one session of tDCS can last for several minutes, and its effects
depend on polarity of stimulation, such as that cathodal stimulation induces a decrease in cortical excitability, and anodal stimulation induces

-

Dr. Bahareh Rezaei, Assisstant Professor,
Hamedan University of Medical Sciences



A

| —

Dr. Bahareh Rezaei, Assisstant Professor,
Hamedan University of Medical Sciences



