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WHAT IS 

NEUROMODULATION?



WHAT IS NEUROMODULATION?

“Neuromodulation is the 
alteration of nerve activity 

through targeted delivery of a 
stimulus, such as electrical or 
chemical agents, to specific 

neurological sites in the 
body.”

A field focused on modulating 
nervous tissue function to 

improve an individual's quality 
of life and overall functioning, 

especially for those with 
neurological or psychiatric 

disorders.



MOST COMMON 
NEUROMODULATION 
TECHNIQUES

 Transcranial magnetic 

stimulation (TMS)

 Transcranial direct 

current stimulation 

(tDCS)

 Photobiomodulation 

(PBM)

 Transcranial ultrasonic 

stimulation (TUS)



IS NEUROMODULATION “FDA APPROVED”?

 FDA approved is for class III devices - typically devices that are implanted, sustain life, or 
present a potential significant risk of harm.

 The FDA does not seek out clinical trials and make decisions based on the literature, the 
USA FDA only responds to “marketing” requests made by specific companies.

 The FDA typically does not regulate non-medical use of devices, which includes uses for 
“wellness”. In this sense, it is important to note that most neuromodulation is broadly 
considered by researchers and experts to be low-risk.

 For example, tDCS, is not FDA approved, but “cleared” as it is low risk.



IS NEUROMODULATION “FDA APPROVED”?

 TMS, on the other hand is FDA approved for several psych and neuro conditions.

 TUS is not FDA cleared nor approved.

 Focused US is FDA approved for essential tremor and tremor predominate PD.

 The FDA does not regulate the practice of health care. 

 Many Clinicians provide treatments that are “off-label” - things that doctors think work but do 
not have a “marketing” label from the FDA to the company.

 Clear Informed consent using off label devices is recommended.



WHY IS NEUROMODULATION NOT SO WELL KNOWN IN 
THE USA?

PHARMACEUTICAL REVENUE IN USA ALONE IN 2025 IS PROJECTED TO 
BE 1,296.9 BILLION 

ONE TRILLION, TWO-HUNDRED NINETY-SIX BILLION, NINE -
HUNDRED MILLION DOLLARS



WHY IS NEUROMODULATION NOT 

SO WELL KNOWN IN THE USA?

Top 5 revenue generators in the USA for 2025

1. Health & Medical Insurance: $1,542.2B

2. Hospitals: $1,517.3B

3. Commercial Real Estate: $1,483.6B

4. Commercial Banking: $1,418.0B

5. Drug, Cosmetic & Toiletry Wholesaling: 

$1,416.1B 



EU –
NETHERLANDS, 
GERMANY

AUSTRALIA 



NEUROMODULATION 
IN PUBLIC REALM



THE BRAIN IS AN 
ELECTRO-CHEMICAL 
ORGAN

 Until recent times, most 

neuropsychiatric treatment 

has been based on the 

chemical

 Other brain disorders and 

dysfunction also treated 

pharmaceutically

 Failure to address the 

electrical deficits of the brain



OBJECTIVES

Discuss the foundations of 
modern neuromodulation and 
provide updates on latest 
techniques and clinical uses:

• Transcranial magnetic stimulation (TMS)

• Transcranial direct current stimulation 
(tDCS)

• Photobiomodulation (PBM)

• Transcranial ultrasonic stimulation (TUSS)



TMS – INTRODUCTION – PRIMARY USES

Treatment-Resistant Depression – FDA approved

 TMS is a well-established treatment for individuals who haven't found 
sufficient relief from depression through medication or therapy.

Obsessive-Compulsive Disorder – FDA approved

 TMS can be effective in reducing OCD symptoms, particularly when 
other treatments have been unsuccessful.

Smoking Cessation – FDA cleared

 TMS has been approved for short-term smoking cessation in adults who 
haven't responded to  other treatments.

Migraine Headache – FDA approved

 Approved for acute pain of migraine with aura

Anxious Depression – FDA cleared

 TMS has received FDA clearance for the treatment of anxious depression, 
which involves both anxiety and depressive symptoms.



OBJECTIVES: TMS

 History of TMS 

 Putative physiology of mechanisms

 Contraindications and potential risks of TMS

 Review of literature support rTMS for depression

 TMS applications for refractory Depression

 Review of literature for the role of TMS in traumatic brain injuries

 Overview of applications of TMS in the management of traumatic brain 
injuries

 Use of TMS in post-stroke rehabilitation

 Use of TMS in management of post-traumatic stress disorder

 Use of TMS for tinnitus



HISTORY OF 
TRANSCRANIAL MAGNETIC 
STIMULATION (TMS)

 Michael Faraday in 1831 –

Faraday’s Law : 

“The induced electromotive force 

(EMF) in

any closed circuit is equal to the 

time rate of

change of the magnetic flux 

through the

circuit.”



TMS: HISTORY

• R. Bartholomew (1874) – 

Stimulation of exposed 

cortex of patient with 

cranial defect

• Jacques-Arsène d'Arsonval (1892) – 

Phospenes and vertigo induced inside 

magnetic coil   

• Sylvanus P.  Thomson (1910)- new type of magnetic

stimulation 



TMS: HISTORY

 1902 Adrian Pollacsek

and Berthold Beer -

Vienna,  Austria patent for a

“therapeutical apparatus”

Electromagnetic coil placed over the skull was

noted to “pass vibrations into the skull and treat

depression and neuroses”



TMS: HISTORY

 First “modern” TMS device – 1985 – Dr.  Anthony Barker

Barker,  AT – “Non-invasive Magnetic Stimulation of the Human Cortex

The Lancet 1:1106-1107,

1985.



EARLY TMS DEVICES – MOTOR CONTROL RESEARCH 
TOOL – SINGLE PULSE  



COIL TYPES AND RATIONALE

From Matt Edwardson, MD - Research Fellow and Acting

Instructor, Dept. of Neurology, Univ. of WA 



EARLY TMS DEVICES – MOTOR CONTROL RESEARCH TOOL 

 “Figure of 

Eight” Coil



CLINICAL TMS DEVICE



TMS: MECHANISM

 Electrical current flowing through a coil induces a 
magnetic field

 Pass a current through a hand-held coil, whose 
shape determines the properties and the size of 
the field

 The coil is driven by a machine - switches the 
large current necessary in a very precise / 
controlled way – heat intensive

 The coil is held on the scalp and the magnetic 
field (2  Tesla) passes through the skull and into 
the brain

 Alternating (pulsating) magnetic fields induce 
electrical current in underlying brain tissue

 Small induced currents influence targeted areas 
of the brain 



TMS: MECHANISM

George MS. Sci Am. 2003;289:66-73.



TMS: MECHANISM

 Electrical energy in insulated coil on the  
scalp induces pulsed magnetic field of about 
1.5 – 2.0 Tesla in strength

 Passes through the cranium for 2-3 cm

 In turn induces a focal electrical current in 
the brain

 Get desired local and distal effects on the 
target neural circuitry

 Delivered as single pulses or repeated trains 
(rTMS)



TMS - MECHANISMS

 Some disorders show 

improvement with focal 

stimulation (MDD – DLPFC)

 Others respond to more 

regional stim (aphasia-tinnitus)

 Potentially the greatest use of 

TMS in neurorehab may be its 

ability to cause increased 

cortical excitability

 An excited cortex undergoes 

neuroplasticity more efficiently



TMS – MECHANISMS

MODULATION OF NEURAL CIRCUITS: TMS AFFECTS THE FUNCTIONAL CONNECTIVITY WITHIN 
AND BETWEEN LARGE-SCALE NEURAL NETWORKS, SUCH AS THE DEFAULT MODE NETWORK 
(DMN) AND THE CENTRAL EXECUTIVE NETWORK (CEN)



TMS: SAFETY AND CONTRAINDICATIONS

 rTMS technique is contraindicated for use in patients who have implanted ferromagnetic 
devices or other magnetic-sensitive metal implants close to the magnetic coil

 Seizures – estimated at 1 per 30,000 – typically encountered with higher frequency 
stim and in those with stimulation over the motor cortex (M1) 

 Most recent studies indicate .0075%

 Short-lived headache in a band-like distribution (10% of patients) 

 Auditory risk with newer devices is low – earplugs still used but sound is much lower in 
new generation

(Wassermann and Lisanby 2001, Jennum and Klitgaard 1996 Pascual-Leone et al., 1993; Wassermann et al., 1996; Lisanby et al.,2001)



TMS-INDUCED SEIZURES IN HUMANS –LOW RISK

 Seizure induction w/ single pulse TMS - Healthy subjects: No cases reported to date.*

 Seizure induction w/ single pulse TMS - Patients: Approximately 20 cases reported.*

 Seizure induction w/ repetitive TMS - Healthy subjects: Approximately 6 cases when parameters 
are outside of safety guidelines. 1 case when parameters are within safety guidelines.*

 Seizure induction w/ repetitive TMS - Patients:   3 cases.*

 Presenter’s experience of over 2,000 cases – 0 seizures

*(Berenson-Allen Center for Noninvasive Brain Stimulation, Harvard Medical School – 2008)



FOUNDERS IN 

NORTH AMERICA  
 Initially developed as a motor control research tool – much credit to 

Dr. Mark Hallet –NIH

 Research participants reported positive mood and emotional impact

 First prominent promotor of TMS for neuropsychiatric use – Dr. 

Mark George – MUSC 



TMS: PHYSIOLOGY 

 Neurons are electrochemical 

cells that respond to chemical

and electrical stimulation

 Pulsed TMS leads to 

depolarization of neurons and 

release of neurotransmitters 

 Evidence that neurons in the 

dorsolateral prefrontal cortex 

(DLPFC) release 

neurotransmitters and change 

mood



INITIAL CLINICAL APPLICATION - NEUROPSYCHIATRY 

Underlying premise of neuromodulation is that the brain is an electrochemical organ that can be 

modulated by pharmacotherapy or devise-based (TMS) approaches or their combination

There is an explosion of new techniques for electrically, magnetically or ultrasonically stimulating the 

brain, primarily focally

These new tools are changing neuroscience research, neurorehabilitation and neuropsychiatric 

therapies

They validate and inform us about functional neuroanatomy



ADVERSE 
EVENTS WITH 
DRUG THERAPY-
SUICIDE



TMS: 
MULTIDISCIPLINARY 
APPROACH



FDA APPROVAL 
FOR MAJOR 
DEPRESSIVE 
DISORDER 
(MDD) – 2008

LEFT DLPFC



INCREASED PREFRONTAL CTX 
ACTIVITY POST TMS



HOW DOES TMS COMPARE TO PHARMACEUTICALS?

 George et al,  Arch Gen Psychiatry, May 2010 – 30% remission, vs. 16% 

Lithium augmentation

 Carpenter et al, 2012 – n=307 – 58% responded, 37% remission

WITH NO SIDE EFFECTS



HOW DOES TMS COMPARE TO PHARMACEUTICALS?



TMS PROCEDURE FOR 
DEPRESSION – F3 DLPFC



TYPICAL 

PROTOCOLS FOR 

DEPRESSION

 Daily sessions lasting 20-30 minutes 

 4-6 weeks trial 

 If no response in 1 week modify protocol 
or d/c – 20% chance of improvement

 If no positive response in 2 weeks modify 
protocol or d/c – 10% chance of 
improvement

 Motor threshold is obtained and recorded 

 Most protocols use stimulus 20% above 
motor threshold or patient comfort

 Patient comfort MUST be considered for 
compliance - <4% on average do not 
complete 6 week protocol



“OFF LABEL” USE OF 

TMS – NON-FDA 

APPROVED

 Traumatic brain injury (TBI)

 Stroke rehabilitation

 Post-traumatic stress disorder 

(PTSD)

 Tinnitus



TMS APPLICATIONS 

IN TRAUMATIC 

BRAIN INJURY

 Currently not FDA approved



REPETITIVE TRANSCRANIAL 

MAGNETIC STIMULATION (TMS) 

FOR CONCUSSION



TRANSCRANIAL 

MAGNETIC 

STIMULATION (RTMS)



TMS AND TBI



TMS AND TBI



TMS FOR STROKE 

REHABILITATION

 Stroke recovery - usually 
subacute (after 2-3 mo): either 
high frequency ipsilateral or 
low  frequency contralateral, 
combined w/rehab

 Typically, low-frequency rTMS 
(<5 Hz) is characterized by 
decreased cortical excitability, 
whereas high-frequency rTMS 
(≥5 Hz) is characterized by 
enhanced excitability (Pascual-
Leone et al., 1998; Fitzgerald et 
al., 2006)



TMS FOR STROKE 

REHABILITATION

 Recently, a new rTMS protocol, 
theta burst stimulation (TBS), 
was introduced which can 
produce longer-lasting and more 
stable changes in cortical 
excitability compared to 
standard rTMS (Huang et al., 
2005).

 AN EXCITED CORTEX 
UNDERGOES 
NEUROPLASTICITY MORE 
READILY 



TMS FOR STROKE 
REHABILITATION



TMS FOR STROKE 
REHABILITATION





TMS AND PTSD

 Repetitive transcranial 

magnetic stimulation(rTMS) 

has been found to be effective 

for treating PTSD, but 

whether different frequencies 

have different effects remains 

controversial.

 LF rTMS can reduce overall 

PTSD and depression 

symptoms. HF rTMS can 

improve the main and related 

symptoms of PTSD



TMS AND PTSD
ACTIVE TMS WAS SUPERIOR TO SHAM 

STIMULATION FOR AMELIORATION OF 

PTSD SYMPTOMS



TMS AND PTSD



TMS IN TINNITUS

 Higher severity leads to better response

 Overall response good but largest change 

noted in higher indicies 



TMS IN TINNITUS

 rTMS alone and rTMS combined 

with tDCS 

 Combo group 80% response

 Frontal tDCS and temporal 

rTMS



TMS IN TINNITUS

 TMS very effective –

responder rates 35-85%

 Coil position appears to 

not be of significance



SUMMARY OF TMS

 TMS is a very safe and effective tool for major 
depression disorder (MDD) without the side 
effects of pharmaceuticals

 TMS is FDA approved currently for MDD and 
OCD

 TMS is an evidence-based tool to assist in the 
management of Stroke patients with motor deficits 
and aphasia

 TMS is an evidence-based tool for treatment of 
those with PTSD (FDA soon?)

 TMS is showing great promise as a treatment 
option for those with tinnitus



TRANSCRANIAL 

DIRECT 

CURRENT 

STIMULATION 

(TDCS)



TRANSCRANIAL 

DIRECT 

CURRENT 

STIMULATION 

(TDCS) - HISTORY



OBJECTIVES: TDCS
 History of tDCS

 Putative physiology of mechanisms

 Contraindications and potential risks 
of tDCS

 Review of literature for the role of 
tDCS in traumatic brain injuries

 Overview of applications of tDCS in 
the management of traumatic brain 
injuries

 Use of tDCS for depression

 Use of tDCS for insomnia

 Off label uses of tDCS



THE DEVICE



TDCS



PUTATIVE PHYSIOLOGY: METHODOLOGY

65

Abductor digiti minimi muscle  
of the hand (ADM)

Tendon

Belly

Surface EMG Recordings of TMS  
induced Motor Evoked Potentials  
(MEPs)

Ag-AgCl  
electrodes are  
placed in a  
“belly-tendon  
montage”



PRIMARY MOTOR CORTEX

66



Pyrimidal Tract Neurons:
Corticospinal-Upper motor neurons originating
in layer 5 of the cortex terminate in spinal cord and
innervate lower motor neuron
Corticobulbular-terminate in brainstem

67



TDCS MODIFIES ‘CORTICAL

EXCITABILITY’

N=10; 1mA

Anode (+ terminal)

4sec stimulation ending with  
50ms recording

Cathode (- terminal)

Nitsche & Paulus. (2000) J Physiology 527.3: 633-26239



EFFECTS LAST AFTER STIMULATION
Duration=5 min
Strength=1 mA
N=19

Nitsche & Paulus. (2000) J Physiology 527.3: 633-26339



EFFECTS ARE  DEPENDENT ON  

DURATION &  STRENGTH

Nitsche & Paulus. (2000) J Physiology 527.3: 63324-639

Duration=5min

Strength=1mA

Filled shapes are
Significant p>0.5

N=12

N=12



PROLONGED EFFECTS OF ANODAL

TDCS

Nitsche & Paulus. (2001) Neurology 57: 1899-1901

7 min 9 min
11 min

5 min

13 min

Strength=1mA  
N=12

25



PROLONGED EFFECTS OF CATHODAL

TDCS

Nitsche et al. (2003) Clinical Neurophysiology 114(4): 600-604
26

7 min

5 min
9 min

Strength=1mA  
N=12



NON-LINEAR EFFECT OF CATHODAL

TDCS

27Batsikadze, et al. (2013). J Physiol 591(7): 1987-2000

Duration=20min  

N2mA=14  

N1mA=9



SAFETY OF TDCS

 63% of studies report 1 mild ‘adverse effect’

 Itching, tingling, headache, burning sensation,  

discomfort

 However:

 Active tDCS Rate = Sham Rate

 Except:

 Skin reddening (Tx w/ Ketoprofen)

Fregni et al. (2014). Clinical Research and Regulatory 

Affairs, [Early  Online]: 1-14.



SAFETY: SERIOUS ADVERSE 

EFFECTS

 Review: No “serious adverse events” since  1998 in 
>10,000 subjects

 1964 study: “respiratory and motor paralysis”

 Bifrontal anodal electrodes with leg cathode

 10x intended current strength (likely ~3mA)

 DIY-tDCS concerns

Fregni et al. (2014). Clinical Research and Regulatory Affairs, [Early

Online]: 1-14.

Lippold O. C. J., & Redfearn, J. W. T. (1964). Mental changes resulting  from the 
passage of small direct currents through the human brain.  110(469): 768-772



SAFETY: PHYSIOLOGICAL EVIDENCE

No pathological changes in:

 Serum enolase (marker of neuronal 
damage)

 HRV

 EEG

100x the charge density used in humans is  
required to cause brain damage in rats

 Discomfort in humans starts at 2-3x

Fregni et al. (2014). Clinical Research and Regulatory 
Affairs, [Early  Online]: 1-14.



SAFETY: STANDARD 

PARAMETERS

 Current strength <2.5mA

 Duration <60min

 ≤2 sessions per day

 This does not imply going beyond 
these parameters is not safe

Fregni et al. (2014). Clinical Research and Regulatory 
Affairs, [Early

Online]: 1-14.



SAFETY: 

UNKNOWNS

Fregni et al. (2014). Clinical Research and Regulatory Affairs, 

[Early

Online]: 1-14.

Need for 
more studies 
on safety

Long term usage



FDA REGULATIONS

 “Medical device”

 Most stimulators are Class II

 “Investigational Device Exception” approval

 “non-significant risk” exception  “expedited IDE”

 NSR overwhelmingly applied

 “Minimal Risk”

 “not approved” for any specific condition but is FDA low risk and allowable for off 

label use



TDCS: OFF LABEL 

USES

 Traumatic brain injury (TBI)

 Depression

 Insomnia

 PTSD

 Tinnitus

 Stroke Rehabilitation 



TDCS: TRAUMATIC 

BRAIN INJURY

 Not FDA approved – EU approved 

 Commonly used off label to 

increase cortical excitability for 

rehabilitation

 Used in TBI frequently 

 Research using tDCS has been 

growing exponentially 

 TBI research expanding as well and 

results are very promising



TDCS: 

TRAUMATIC 

BRAIN INJURY



TDCS: TRAUMATIC BRAIN INJURY



TDCS: TRAUMATIC 

BRAIN INJURY



TDCS: TRAUMATIC BRAIN 

INJURY



TDCS AND TBI



TDCS FOR DEPRESSION

 Clinical depression is at an all time high in the USA and the world

 Billions of dollars in pharmaceutical costs and lost workdays/productivity

 ECT and r TMS have been shown to be effective 

 ECT and rTMS are both FDA approved

 tDCS has great promise for ease of use, safety and costs



TDCS:DEPRESSION



TDCS:DEPRESSION



TDCS:DEPRESSION



TDCS:DEPRESSION

rTMS and tDCS are both effective 

in the treatment of depression



TDCS:DEPRESSION



TDCS:DEPRESSION 

AND INSOMNIA



TDCS AND INSOMNIA



TDCS AND PTSD



TDCS AND PTSD



TDCS AND PTSD



TDCS AND TINNITUS



TDCS AND STROKE 

REHABILITATION



TDCS AND 
STROKE 
REHABILITATION



TDCS AND TINNITUS



TDCS AND STROKE 

REHABILITATION



TDCS AND 
STROKE 
REHABILITATION



TDCS AND OBESITY



TRANSLINGUAL NEURAL 
STIMULATION 

TONGUE STIMULATION 
(TRIGEMINAL) – “PONS 
DEVICE” 

 Trigeminal afferents to cortex 
are vast 

 Cortical excitability as a result 
of tongue stimulation – fMRI,  
TMS MEP,  and EEG evidence

 An excited cortex -
neuroplasticity

 Minimal intensity required

 Stimulation is performed 
concurrently with other 
rehabilitation procedures



BALANCE/PROPRIOCEPTION DEFICITS 

PONS Device -
Portable Oral Neuro 

Stimulator

A type of superficial 
neuromodulation of 

the trigeminal system 
via the tongue



PONS – INDUCING 
NEUROPLASTICITY 



PONS DEVICE



PONS DEVICE – LEADS TO 

STRUCTURAL CHANGES IN TBI



PONS DEVICE –

LEADS TO EEG 

CHANGES





PONS DEVICE



PONS DEVICE 



PHOTOBIOMODULATION



PHOTOBIOMODULATION 

(PBM)

What is PBM?

 A category of non-invasive 

treatment that uses specific 

wavelengths of light, typically 

red and near-infrared, to 

stimulate cells and promote 

tissue repair, reduce 

inflammation, and alleviate 

pain



PHOTOBIOMODULATION



PBM – MECHANISMS 

 PBM uses characteristics of artificial light or sunlight, including infrared, ultraviolet, visible light, and 

laser to modulate biological activity.

 PBM with infrared light penetrates the tissue to stimulate mitochondria, thereby increasing cellular 

respiration and adenosine triphosphate (ATP) production.

 PBM up-regulates complex IV of the respiratory chain to modulate cytochrome c oxidase (CCO), 

leading to increased ATP formation.

 Increased availability of energy in the form of ATP leads to cellular growth and repair.

 More active mitochondria support higher oxygen / glucose consumption supporting increased cerebral 

blood flow.

 When delivered to the brain, transcranial PBM (tPBM) with low-level laser in the near-infrared range 

can penetrate the skin and skull and have neurostimulation effects.



PBM - MECHANISMS

 There is encouraging evidence that tPBM can have beneficial effects on traumatic events (stroke, 
traumatic brain injury, and global ischemia), degenerative diseases (dementia, Alzheimer's and 
Parkinson's), psychiatric disorders (depression, anxiety, post traumatic stress disorder), and lead to 
cognitive enhancement.

 tPBM is also appealing because it has a good safety profile and is easy to administer. (children)

Transcranial Photobiomodulation For The Management Of Depression: Current Perspectives. Askalsky P, Iosifescu DV., Neuropsychiatr Dis Treat. 2019 Nov 22; 15:3255-3272.

Transcranial Photobiomodulation for the Treatment of Major Depressive Disorder. The ELATED-2 Pilot Trial. Cassano P, Petrie SR, Mischoulon D, Cusin C, Katnani H, Yeung A, De Taboada L, Archibald A, Bui E, 

Baer L, Chang T, Chen J, Pedrelli P, Fisher L, Farabaugh A, Hamblin MR, Alpert JE, Fava M, Iosifescu DV, Photomed Laser Surg. 2018 Dec;36(12):634-646.

Photobiomodulation-Underlying Mechanism and Clinical Applications. Dompe C, Moncrieff L, Matys J, Grzech-Leśniak K, Kocherova I, Bryja A, Bruska M, Dominiak M, Mozdziak P, Skiba THI, Shibli JA, Angelova Volponi 

A, Kempisty B, Dyszkiewicz-Konwińska M., J Clin Med. 2020 Jun 3;9(6):1724.

Photobiomodulation and the brain: a new paradigm. Hennessy M, Hamblin MR., J Opt. 2017 Jan;19(1):013003.

Shining light on the head: Photobiomodulation for brain disorders. Hamblin MR., BBA Clin. 2016 Oct 1;6:113-124.

Very Low-Level Transcranial Photobiomodulation for Major Depressive Disorder: The ELATED-3 Multicenter, Randomized, Sham-Controlled Trial. Iosifescu DV, Norton RJ, Tural U, Mischoulon D, Collins K, 

McDonald E, De Taboada L, Foster S, Cusin C, Yeung A, Clain A, Schoenfeld D, Hamblin MR, Cassano P., J Clin Psychiatry. 2022 Aug 8;83(5):21m14226.

Acne phototherapy with a 1450-nm diode laser: an open study. Konishi N, Endo H, Oiso N, Kawara S, Kawada A., Ther Clin Risk Manag. 2007;3:205–209. doi: 10.2147/tcrm.2007.3.1.205.

Brain Photobiomodulation Therapy: a Narrative Review. Salehpour F, Mahmoudi J, Kamari F, Sadigh-Eteghad S, Rasta SH, Hamblin MR., Mol Neurobiol. 2018 Aug;55(8):6601-6636.

Pilot Study on Dose-Dependent Effects of Transcranial Photobiomodulation on Brain Electrical Oscillations: A Potential Therapeutic Target in Alzheimer's Disease. Spera V, Sitnikova T, Ward MJ, Farzam P, Hughes J, 

Gazecki S, Bui E, Maiello M, De Taboada L, Hamblin MR, Franceschini MA, Cassano P., J Alzheimers Dis. 2021;83(4):1481-1498.

Transcranial laser stimulation improves human cerebral oxygenation. Tian F, Hase SN, Gonzalez-Lima F, Liu H., Lasers Surg Med. 2016 Apr;48(4):343-9.

Biological effects and medical applications of infrared radiation. Tsai SR, Hamblin MR., J Photochem Photobiol B. 2017 May;170:197-207.

Transcranial photobiomodulation-induced changes in human brain functional connectivity and network metrics mapped by whole-head functional near-infrared spectroscopy in vivo Urquhart EL, Wanniarachchi H, 

Wang X, Gonzalez-Lima F, Alexandrakis G, Liu H., Biomed Opt Express. 2020 Sep 22;11(10):5783-5799.



PBM – CAN 

LIGHT ENERGY 

REACH THE 

BRAIN?



PBM – CAN LIGHT ENERGY REACH THE BRAIN?



PBM – CAN LIGHT ENERGY REACH THE BRAIN?



PBM – CAN 

LIGHT ENERGY 

REACH THE 

BRAIN?



PBM AND TBI





PBM AND TBI





TRANSCRANIAL 

ULTRASOUND STIMULATION

 Transcranial ultrasound stimulation (TUS) is a 

non-invasive brain stimulation technique that 

uses ultrasound waves to modulate neural 

activity.

 It offers the potential for high spatial resolution 

and depth penetration, allowing for targeted 

stimulation of specific brain regions, including 

deep structures that are difficult to reach with 

other non-invasive methods like transcranial 

magnetic stimulation (TMS) or transcranial 

direct current stimulation (tDCS).



TRANSCRANIAL ULTRASOUND STIMULATION



TRANSCRANIAL ULTRASOUND STIMULATION



TRANSCRANIAL ULTRASOUND 

STIMULATION
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TUS - ADHD

The SNAP-IV is a rating scale used to 

assess symptoms of Attention-

Deficit/Hyperactivity Disorder 

(ADHD) and related behavioral 

disorders in children. It gathers 

information from both parents and 

teachers to provide a comprehensive 

view of the child's behavior. The scale 

focuses on inattention, 

hyperactivity/impulsivity, and also 

includes Oppositional Defiant 

Disorder (ODD) symptoms



TUS – ANXIETY/TRAUMA RELATED



SUMMARY

This was a cursory overview of the literature regarding the four most common 
neuromodulation techniques and how they may be of benefit in neurological and psychological 
dysfunction

The field of neuromodulation is emerging and exploding

rTMS and tDCS are safe and effective ways to manage many disorders in a drug-free safe 
manner

Non-electrical neuromodulation such as PBM and TUS are emerging

Presently, TMS and tDCS are most researched and supported for many neuro and neuropsych
conditions

Greatest patient access for tDCS and TMS currently



THANK YOU

ddishman@parker.edu
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