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ABSTRACT 

 

Stimulating the brain with a low current that is focused on specific regions of the 

brain has been shown to modify brain function and treat various neurological diseases. 

Transcranial direct current stimulation (TDCS) has been an effective and life changing 

alternative treatment for a vast range of neurological conditions including depression, 

epilepsy, stroke rehabilitation, addiction and chronic pain but only if it is administered 

correctly.  

During TDCS, a weak constant current is applied to precise locations on the scalp 

to modulate brain activity. Those locations can be determined by the cumbersome 10-20 

EEG measurement system, transcranial magnetic stimulation or neuronavigation. These 

various methods require highly trained technicians, are extremely expensive, and 

magnetic stimulation and neuronavigation are not mobile enough to be done outside a 

clinical setting.  After the time consuming routine of finding the locations for the electrodes, 

technicians then must perform a complicated multistep setup in order to setup the device, 

secure the electrodes to a patient’s head and start the treatment. Making TDCS simple 

and easy enough for a patient with M.S. to setup and administer treatment without the 

help of a caregiver can immeasurably increase the number of patients that are able to be 

treated with TDCS, researchers studying its effects and increase its efficiency. 
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Improving the design of the sponge electrodes and making a TDCS headgear that 

ensures the precise placement of the electrodes all while making the process and 

equipment simpler is one way to increase the use of TDCS. This paper discusses the 

background on TDCS and other brain stimulation methods and will explain how improving 

the equipment used for TDCS will make it easier, safer, cheaper and more efficient.  

A novel TDCS headgear was designed that has snap sponge electrodes that can 

be setup by a patient at home or their caregiver. The accuracy of the headgear was 

validated by testing repeated placements of the headgear and measuring the 

displacement of the electrodes from their predetermined positions. The data obtained 

from this study was then analyzed by computational modeling and it was determined that 

the headgear would be an ideal option for at home TDCS. The headgear has been 

adopted by many successful studies and may very likely be more accurate than the most 

widely used previous method of utilizing the 10-20 EEG System.  

This new method saves time, money, and increases the accessibility of treatment. 

It is also more accurate and replicable than a trained technician using previous methods. 

These updates to inadequate headgear permit the headgear to be used by disabled 

patients at home which will enable studies to include many more patients because of 

saved time and funding which will expand the number of patients treated by breakthrough 

technology and immensely improve the efficacy and reproducibility of treatment.    
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CHAPTER I 

Introduction to Brain Stimulation 

Humans have always been curious about the powers and capabilities of their 

brains, and scientists have been seeking ways to control its amazing feats. A new field of 

research has been born that focuses on a growing technology called brain stimulation 

where healthcare professionals can modify the brain to treat diseases. Some recent 

organizations have published astonishing results that can lead to the future of medicine 

and completely change the approach physicians take with the treatment of diseases.  

The idea of brain stimulation was first introduced by Scribonious Largus, a 

physician for the court of Roman emperor Claudius over two thousand years ago. In his 

book “Compositiones Medicamentorum”, he describes in detail the different drug 

compounds or recipes that were used by the physicians of the time. One of those 

treatments involved the use of electrical currents to ease headaches and gout by applying 

electric torpedo fish to the affected regions or by placing the extremities that were in pain 

into a pool of water containing torpedo fish. The treatment reportedly caused a numbness 

in that part of the body and was a form of relieving the unbearable pain caused by the 

disease. (1), (2) 

In the late 1700’s Luigi Galvani discovered that when touching a frog leg with his 

scalpel while also touching an electrified brass hook connected to it, would cause the 
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Fabrication Methods 

To make the original working prototype of the sponge electrode a highly conductive 

2mm carbon rubber sheet was cut into 42mm circles by a laser cutter to ensure exact fit. 

Then the male end of a stainless-steel snap was fastened by a riveting machine to the 

center of the circle. (Figure 16) Then a hole is punched out of the top sponge with a hole 

puncher. (Figure 17) The carbon electrode is placed in between the two sponges with the 

snap lined up in the circle cutout of the top sponge. Then the four small plastic rivets in 

the corners are fastened making sure the flat end is on the bottom. (Figure 18) The 

sponges are then saturated with 5mL of saline each and a pair of sponges is packed into 

a small zip lock bag. (Figure 14) 

 

 

 

 

 

 

 

 

 

 

The Easystrap was computer designed with Corel draw and then cutout of 

biocompatible plastic sheets with a laser cutter. (Figure 19) After cutting the plastic and 

washing off the residue, band is ready to have the elastic attached. The elastic is attached 

Figure 16  Figure 17  Figure 18  

16. Carbon rubber electrode with stainless steel snap. 

17. Punching hole out of top sponge. 

18. Finished snap sponge electrode. 
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by metal rivets in the front of the band and the back. (Figure 20) After the elastic, the wires 

are fastened to the band with wire clamps and rivets and then coiled together with plastic 

wire coil to prevent tangling. (Figure 21) 

 

 

 

 

 

 

 

 

 

 

 

 

During the design process, it took numerous iterations to ensure the accuracy and 

the proper fit of the headgear. The first few iterations did not even consider where the 

electrodes were placed but more importantly the fit on the subject’s head, how many sizes 

are needed and the ranges they should have.   

Once a proper fitting band was made, it was cut out in incremental sizes and placed 

on many test subjects. The test placements followed the same procedure as explained in 

below in Chapter IV. (49) The average displacement of all the placements was calculated 

and was used to guide the moving of the electrodes to make a new iteration. (Figure 22) 

Figure 20  Figure 21  Figure 19  

19. M1SO Easystrap designed on Corel Draw to be cut by laser cutter. 

20. Fastening front elastic with rivet. 

21. Wires attached with wire clamps and fastened with wire coil. 



29 

 

This process was repeated until the average displacement from the predetermined 

positions was close to 3mm which was known to be well within the maximum 

displacement range that can still produce equivalent current distribution. (49)  Once the 

electrode placement was accurate, extra elastic and diamond shaped cutouts were added 

to help expand the head size ranges it can accommodate. This process was used to make 

custom headgear that can be used at home by patients. 

 

 

Different Montages 

To prevent a patient or even an insufficiently trained researcher or medical 

professional from accidentally placing the electrodes in the wrong location and ruining the 

treatment or the results of a study, there were a few different versions of the headgear 

designed that target different brain regions. Each version can be used for only one set of 

electrode locations or montages.  

A very popular setup or montage used for TDCS is called the M1SO montage. In 

the M1SO, TDCS is applied on the areas above the motor cortex (C3/C4 in the 10-20 

EEG system) and the contralateral supraorbital region (above the opposite side eyebrow). 

(Figure 23) This montage was used to test the accuracy of the headgear by Dr. Helena 

Knotkova of MJHS. (49) 

Figure 22

 22. Bands that were made to measure 

locations F3 and F4 
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The second most popular montage used for TDCS is called bi-frontal. This 

montage is used to target the frontal lobe of a patient more specifically the dorsolateral 

prefrontal cortex (DLPFC) which many believe to be the center of depression in our 

brains. (50) There are two different bi-frontal band versions, one that the electrodes are 

on the locations F3 and F4 and the other is called the OLE. The OLE has a set location 

for the electrodes for every size head and has been shown that in all head sizes the 

current density is concentrated over DLPFC. (51) (Figure 24) 

  

 

Other montages that are used are F3 and the right bicep, F7 and F8 which some 

believe is more efficient than the bi-frontal montage. Other montages were custom made 

for a researcher’s study.  

Figure 23 

23. M1-SO Easystrap properly fit with 

electrodes attached. 

Figure 24 

24. Bi-frontal OLE strap being placed on 

the head. From instructional video for 

proper headgear placements. (52) 
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CHAPTER IV 

Results 

Accuracy and Replicability of the Easystrap 

Dr. Knotkova from MJHS has been studying the effects of TDCS on patients with 

chronic pain or end of life care and has administered TDCS on many patients. She was 

looking for a way to increase the number of subjects she could treat for her experiments. 

The main problems she faced were that her patients had a very hard time coming into the 

clinic and that she did not have nearly enough staff to send to the patient’s homes or care 

centers. With the help of the Easystrap she was able to greatly increase the number of 

patients she could treat. She set up a system that a trained technician would be present 

during the first session and by training the patients on the setup of the Easystrap they 

would be able to continue by themselves while video calling a researcher in the clinic. For 

this plan to be successful she had to validate the accuracy of the M1SO Easystrap.  

The headgear prototype was evaluated by first measuring the subject’s head and 

determining the locations by the conventional method (10-20 EEG System) and then 

placing the headgear under two conditions and manually recording the displacement from 

the previously marked location. The first condition was the subject placing the headgear 

on themselves in the mirror after only brief instruction and the second condition was 

placed by a proxy. There was no significant difference between the two conditions and in 

two hundred placements (100 for each condition) the mean and median were calculated 

to be 3.61mm and 3mm respectively.  

There was one outlier with a 13mm deviation from the marked location that was 
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not excluded from computations and used the value of maximal error of placement. The 

data was then analyzed by a computational model and it was determined that not only 

the mean but also the outlying 13mm deviation would not cause a significant change in 

the underlying current distribution in the brain.  

Studies Using Headgear 

Dr. Leigh Charvet in the NYU Langone Medical Center used the bands for her 

study researching the effects of TDCS on patients with Multiple Sclerosis. (52) In their 

study they were looking to see if TDCS can reduce fatigue in individuals with MS. After 

one session of training the patients were able run the rest of the sessions over video call 

from the comfort of their own homes. They used the bi-frontal OLE strap to administer left 

anodal TDCS paired with 20 minutes of cognitive training. (Figure 25) Study 1 delivered 

10 open-label TDCS treatments (1.5 mA; n = 15) compared to a cognitive training only 

condition (n = 20). Study 2 was a randomized trial of active (2.0 mA, n = 15) or sham 

(n = 12) delivered for 20 sessions. The fatigue of the patients was assessed and the 

patients were given a post-treatment questionnaire.  

 

 

Figure 25 

25. An example of a patient using the 

Bi-frontal OLE strap while being 

monitored by researchers over video 

call. (52) 
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CHAPTER V 

Conclusion 

When compared to previous versions of the headgear or other available models, 

this new version was far superior in many aspects. It saves time, money, and increases 

the accessibility of treatment. The first two clinics that fully switched to at-home trials with 

the help of this technology and have had nothing but success. They have tripled the 

average amount of patients they can use in their studies and have even called back 

patients who were ineligible for previous trials because they were unable to setup the 

treatment on their own to now participate. The headgear has been used by patients with 

M.S., chronic pain, stroke, addiction, and depression. Now a researcher can administer 

treatment over video call to many more patients from their desk which reduces travel time 

and inestimably increased the number of patients they can treat. Many labs have even 

switched to using the headgear in a lab setting instead of training their technicians in 

using the 10-20 EEG system and it has even shown to be more accurate and replicable 

than an inexperienced technician.   

A few TDCS pioneers have described the precision of the headgear as incredibly 

accurate. During the trial and after 600 recorded placements on the M1-SO strap alone, 

many placements had no displacement at all and only twelve tests that had displacements 

of over 5mm, with only two of them over 7mm.  

There were two subjects excluded from the study because of the improper fit of 

the headgear. Both subjects were assigned a headgear that did not sit uniformly on their 

heads due to their abnormally shaped heads or large amount of hair. This may suggest 
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that the headgear can only be reliable on subjects with standard sized and shaped heads 

and must be examined before each stimulation to ensure the headgear and the electrodes 

are placed correctly on the head with properly saturated electrodes flush against the 

scalp.   

The headgear has helped patients that were unable to be treated beforehand 

because of their inability to travel multiple times a week to a clinic. In a post-treatment 

questionnaire conducted by Dr. Charvet, one patient wrote an astonishingly moving 

answer to how they have benefitted: 

 “I 'found' my words again. I found my voice and my ability to recall words 

and I the 'grunting, pointing and stammering I'd been reduced to was replaced my 

'the old me' and brilliant genius who can write a well-composed sentence. Equally 

as thrilled, possibly more so, is speaking, not just my words but I speak quickly 

again, no need to ask anyone to slow down because I can't comprehend what 

they're saying. Either I couldn't follow their story or I couldn't keep up. Things shock 

me all the time more and more benefits, improvements and more reasons to want 

MORE…. You gave me back my life, how does one ever say thank you or repay 

that?” 
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