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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
This article's purpose is to explore how “non-invasive brain 

stimulation” (NBS) can be used to treat “traumatic brain 
injury” (TBI) and promote neuroplasticity. Along with the 
pathophysiological processes that occur after a TBI, “transcranial 
direct current stimulation” (tDCS) and “transcranial magnetic 
stimulation” (TMS) are described. These processes are based on 
a study of the relevant literature. Individualized treatment plans 
are required because the pathophysiological processes that result 
from TBI change over time. Given their neurophysiological 
effects, TMS and tDCS may be used to (a) significant suppression 
of post-traumatic cerebral hyper excitability; (b) control synaptic 
plasticity over the long run to prevent unfavorable outcomes; 
and (c) in addition to other forms of treatment such as physical 
and behavioral, assist some neural networks to reorganize and 
consolidate their learning. These treatments have the potential 
to reduce the disabling symptoms of brain injury.Animal and 
human research show that NBS may help reduce the severity 
of injuries and increase plastic changes in lesioned brain tissue, 
both of which are necessary for the successful acquisition of 
new knowledge and the restoration of lost functions. However, 
at present, this evidence is mostly speculative. The relevance 
of NBS in TBI, further elucidating its therapeutic benefits, and 
defining appropriate stimulation levels all need investigations in 
TBI patients due to safety concerns.

Key words. Neuroplasticity, transcranial magnetic stimulation 
(TMS), traumatic brain injury (TBI), transcranial direct current 
stimulation (tDCS), non-invasive brain stimulation (NBS).
Introduction.

The capacity of the brain to modify and adapt during a person's 
life is referred to as neuroplasticity. In response to experiences, 
learning, and environmental changes, the brain can reorganize its 
connections, structure, and functions. Because of neuroplasticity, 
the brain may create new neural connections, alter existing ones, 
and even transfer certain tasks to other parts of the brain. Brain 
stimulation entails the use of different methods or treatments to 
influence the activity and function of the brain either directly 
or indirectly. It seeks to modify or intensify neuronal activity 
in the brain to encourage desirable changes. Techniques for 
brain stimulation may be used either internally or externally, 
and they can target certain networks or parts of the brain. Deep 
brain stimulation (DBS), tDCS, TMS, and electrical stimulation 
are some of the methods of brain stimulation that are often 
employed [1]. Enhanced understanding and acceptance of the 

brain's natural adaptability to its circumstances, as well as one 
reduction in to restrictions provided by the idea of localization, 
have led to the emergence of potential treatment applications 
of neuroplasticity to improve function results following brain 
injury. The introduction of electro-physiological mapping of the 
brain, which has shown reorganization in response to training 
both before and after damage, has been a major contributor 
to this progress. Thanks to improvements in functional and 
structural testing, as well as neural mapping, experts now had a 
greater understanding of brain interconnections and complex of 
the brain. Understanding the functions of the synapse, dendritic 
sprouting, neurotrophic drugs, and individual genetics in neural 
remodeling, neurogenesis, and function recovery is progressing. 
As a consequence, treatment strategies may now be developed 
to boost neuroplasticity and improve prognosis after all forms 
of acquired brain damage [2]. The brain may change its synaptic 
connections for better or worse, depending on the circumstances 
through experience and stimulation. The impact of enriched 
settings on brain development was eventually discovered as a 
consequence of their expansion of the idea and description of use-
induced plasticity of the nervous system, marking a new area in 
brain research. The ability for activity-driven synaptic strength 
changes and the extensive network architecture of the cerebral 
cortex gives rise to plasticity [3]. The term neuroplasticity 
is used to describe the brain's capacity for structural and 
functional plasticity in response to learning, experience, and 
environmental factors. The brain's ability to make new neural 
connections, reinforce old ones, and redistribute cognitive tasks 
is a defining characteristic. Learning, memory, and healing from 
neurological diseases including stroke and TBI are all aided by 
neuroplasticity. Brain injuries like strokes and concussions may 
cause permanent disability or the inability to perform certain 
tasks. However, neuroplasticity suggests that the brain may 
make up for these deficiencies and recover. Those who have had 
a stroke or TBI may benefit from brain stimulation treatments, 
which are therapies that harness and increase neuroplasticity 
to hasten healing and rehabilitation [4]. A stroke or TBI is a 
medical emergency that can have far-reaching consequences for 
the victim and their valued ones. The resulting physical, mental, 
and emotional problems often necessitate prolonged treatment 
and care. Although getting better can be difficult, new treatments 
and ways of thinking about the brain's resilience have opened up 
promising avenues for improving survivors' chances of doing so 
and living fulfilling lives after the trauma. T examine the many 
approaches and interventions that help people recover after 
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suffering a stroke or TBI. This all-encompassing strategy aims to 
maximize outcomes and help survivors to regain independence 
and engage actively in their lives by addressing not only physical 
and cognitive but also emotional and psychological well-being [5]. 

The study [6] discussed the importance of neurotrophic 
factors and receptors following TBI in zebrafish and humans, 
as well as the optimal timing to intervene. TBI continues to 
be the largest cause of long-term disability, affecting millions 
of people worldwide every year. Neurotrophins have been the 
subject of many mammalian studies that suggest they may 
play an important role in the prevention and rehabilitation of 
neurological damage. Article [7] provided a synopsis of the 
present state of the research as it relates to neurorehabilitation 
and to help individuals interested in the background of these 
ongoing clinical studies. Some of the most common causes of 
impairment include strokes and TBIs. The study [8] examined 
the inflammatory processes and behavioral abnormalities 
associated with TBI and analyzed the current and prospective 
novel treatment options for managing these conditions. Despite 
rehabilitation efforts, over half of the individuals who suffer 
from severe TBI and need hospitalization still have significant 
disabilities. Hemorrhage, widespread axonal harm, and injuries 
are just a few examples of tissue damage that may result from 
TBI. Executive functions, cognitive level, attention, memory 
data processing, and language skills are often negatively 
impacted by TBI. The article [9] provided a concise overview 
of recent advances in cell-based treatments and the use of 
bioactive matrices, including hydrogels, in regenerative 
medicine approaches. In this article, they examine the features 
of bioactive matrices that have been found to improve brain 
healing in TBI models. The paper [10] injected hADSC-derived 
exosomes (hADSC-ex) into the rat brains using a weight-drop-
induced TBI paradigm. The research shows that administration 
of hADSC-ex to rats with TBI improves functional recovery, 
decreases Neuroinflammation, prevents neuronal death, and 
boosts neurogenesis. In terms of therapeutic efficacy, hADSC-
ex was on par with hADSC. The study [11] examined the role of 
various stem cells in TBI and discussed their impacts, deficits, 
and associated processes. TBIs are a leading cause of death 
and disability worldwide because of the severe neurological 
damage they may inflict. The study [12] investigated how 
suppressing Histone deacetylase (HDAC) would impact BDNF 
production and functional recovery in mice with traumatic brain 
injury. Movement, sensory, and cognitive impairments are all 
frequent results of brain trauma. HDAC inhibitors have been 
shown to have neuroprotective benefits against many types of 
central nervous system (CNS) injuries, and this data continues 
to mount. The research [13] investigated the effectiveness of 
elements as a virtual rehabilitation technique for stroke sufferers. 
Virtual reality systems have the potential to be useful tools for 
neurotrauma recovery. Strong therapy effects are produced for 
upper-limb and cognitive function following TBI by the elements 
system, which uses customized surface computing and physical 
interfaces. The study [14] investigated how aging affected the 
cerebral metabolic mechanism of electro-acupuncture to provide 
fresh support for the creation of age-appropriate rehabilitation 
techniques. Age has a significant impact on the clinical effects 
of treating cerebrovascular illnesses, and there is evidence that 

these effects may be related to age-related changes in neural 
plasticity. Electro acupuncture is a powerful substitute therapy 
for TBI. The paper [15] provided particularly problematic for 
dementia or secondary age-related cognitive impairment after a 
TBI. Even though there are probably several different biological 
mechanisms at play, an increasing amount of research shows that 
cerebral microvascular disease is a widespread endophenotype 
throughout the range of TBI severity. The study [16] looked at the 
possible regulation protective mechanism of bone mesenchymal 
stem cells exosomes in reducing Neuroinflammation in the 
initial days following TBI. Globally, TBI ranks among the 
top 10 causes of death and disability. Despite the existence 
of treatment guidelines, there is currently no ideal therapy or 
medication for this illness. In order to establish the framework 
for recognizing the logic of employing NBS to reduce harm and 
aid in recovery, this paper discusses the acute and long-term 
processes of TBI. Figure 1 shows the function of the recovery 
from stroke and TBI. 

Figure 1. Processes of TBI and Stroke Disruption.

Chronic changes following TBI: Subacute Changes.
The Effect of TBI on Brain Plasticity.

Systemic reconfiguration may occur at all stages throughout 
the body, from the molecule and cells to the anatomical and 
behavioral, as a consequence of a shift in the neural network's 
efferent requirements or afferent input. This is known as 
plasticity, which is a persistent, intrinsic trait of the nervous 
system. The reaction to injury to the peripheral or CNS, as 
well as neuronal growth and homeostasis, are all impacted by 
this dynamic process. Plasticity can be seen as a way for the 
brain to recover from injury and resume normal function in the 
context of brain damage. There are three phases to the recovery 
of function following a TBI. After brain damage, the first stage 
is for healing mechanisms to be activated, which causes the 
reduction of edema and inflammation and primarily occurs 
within the first three weeks. In the second phase, additional 
links are formed anatomically while functional cell plasticity 
alters the characteristics of pre-existing neural networks. The 
first three months following the shock are when plasticity and 
remyelination become most noticeable, making them the most 
crucial elements after the acute stage. As a result, acute and 
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skill development. Similar findings have been seen in human 
research which has investigated brain injury, which may have 
significant consequences for neuromuscular and cognitive 
recovery. To make the most of activity-dependent plasticity 
for behavioral gains over recovery, it is crucial to comprehend 
the components connected with plasticity. The dentate gyrus 
was the brain region where Long-Term Potentiation (LTP) 
was initially identified, followed by the motor cortex. Long-
lasting enhancement of the strength of excitatory glutamatergic 
synapses following transient high-frequency stimulation is the 
phenomenon under question. That is, it causes a long-lasting 
impact after a stimulus that, under normal conditions, would only 
provide a transient effect followed by a speedy return to baseline. 
The ability to generate modifications to a particular group of 
synaptic within a cell without affecting other synaptic explains 
why LTP is so essential. Specifically, LTP can be generated in 
one set of synapses within a neuron without impacting any other 
synapses in the cell. Together, Long-Term Depression (LTD) 
and N-methyl-D-aspartate (NMDA) receptors play crucial roles 
in these cognitive processes. Several factors outside of synaptic 
history and learning have been demonstrated to affect LTP and 
LTD. These include development, aging, stress, disease, and 
brain injury. TBI can have varying effects on LTP and LTD. The 
occurrence of Late Posttraumatic Seizures (LPTS) following 
TBI is well-documented; it ranges from 5.9% in civilians to 
32.5-50% in military personnel. Seizures could result from hyper 
excitability caused by an abundance of LTP at glutamatergic 
synapses under these conditions. However, GABA-mediated 
inhibition following single and recurrent concussive injuries has 
been demonstrated to continuously suppress LTP and LTD in 
humans, leading to long-term motor and cognitive impairments.
Chronic Changes.

LTP and LTD are both seen as transitional processes that may 
be enhanced afterward by structural alterations. In humans, the 
ipsilateral brain is the primary site of these alterations, with 
the contralateral brain involved in extreme instances of injury. 
When these procedures are carried out, a more durable and safe 
plastic transformation is certain to take place. Microscopically 
and macroscopically, one might see evidence of these structural 
alterations. Memory loss after brain injury is often attributed 
to damage to the dentate gyrus of the hippocampi, which may 
occur even with moderate TBI.
Maladaptive Plasticity vs. Adaptive.

Although plasticity plays a significant role in facilitating 
recovery from brain damage, the resulting alterations can 
sometimes be beneficial and may have negative consequences. 
Examples of pathological plastic alterations include spasticity 
after a stroke, chronic pain, schizophrenia, and dystonia. Such 
maladaptive plasticity after TBI might lead to impaired motor 
and cognitive recovery, and perhaps the onset of Alzheimer's 
disease in certain patients. Seizures may begin in one area of 
the brain and spread to other, synoptically related areas if this 
process, known as collateral sprouting, occurs. In the case of the 
group diagnosed with a stroke, the following finger coincides 
with the group diagnosed with traumatic brain damage, as seen 
in Figure 3.

subacute settings are where patients recover the most. Figure 2 
shows the functional recovery in patients with TBI and Stroke.

Figure 2. Recovery from TBI and Stroke.

Subacute Period.
The second phase of functional recovery following brain injury 

is called operational cellular plasticity, and it refers to temporary 
but potentially rapid changes in brain structure and function. 
During that point, the inflammation and swelling should have 
decreased. Short-term plasticity relies heavily on modifications 
to the degree of excitement or inhibition brought about by 
alterations in neuronal traffic, the fastest of these processes. 
These modifications cause a reduction in the tonic inhibition 
mediated by γ-aminobutyric acid (GABA) interneurons, 
allowing neuronal networks to become active. Animal studies 
have shown that TBI results in memory retention problems that 
persist for about a month after the initial lesion. The chemical 
glutamate acid decarboxylase, which transforms glutamine into 
GABA, is produced in greater quantities concurrently with this 
procedure, and inhibiting its activity prevents this transition 
from occurring. These results suggest that an excess of 
inhibition generated by GABA may contribute to impairments 
similar to those seen in the subacute period after injury. One fast 
process for brain plasticity is when the strength of individual 
synaptic changes. Action potentials directed at the presynaptic 
membrane can either increase or decrease postsynaptic activity 
and repeated neuronal activity can alter these aspects of synaptic 
transmission. As a result, during the process of encoding new 
memories, specific synapses are activated, resulting in increased 
synaptic strength. Direct recovery implications include aiding 
healing from brain injury and enhancing memory and learning, 
both of which are facilitated by activity-dependent synaptic 
plasticity. Extensive research in both healthy and brain-injured 
animal models has shown that regular exercise has profound 
impacts on synaptic activity, leading to substantial gains in 
areas such as object identification, spatial learning, and motor 
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Physiologic Effects of NBS.
Transcranial Magnetic Stimulation (TMS).

TMS is an NBS method that uses electromagnetic induction 
and was first used in 1985. Researchers have discovered that 
a long-lasting and considerable electric current sent through 
a coil placed across the head is required to produce a rapidly 
altering magnetic field, thereby setting off electrical impulses 
in certain brain areas. The electric current generated by a single 
TMS pulse may be strong enough to cause depolarization of 
cortical neurons, either directly by acting on the neuron's axon 
hillock or indirectly by depolarizing the neuron's neighboring 
interneurons. Multiple groups of neurons, mostly in the 
neocortex, may be concurrently activated by the generated 
electrical stimuli, some of which extend axons to or from the 
stimulation point. As a result, different effects may be created 
by synaptic dispersion on the cerebral cortex and in brain areas 
with similar functions. The effects of TMS are influenced 
by variables including coil orientation and baseline cortical 
activity, as well as patient-specific variables like morphological 
or neurophysiologic abnormalities. In animal models of brain 
damage caused by strokes in the cortical regions, the spread 
of energy becomes erratic and the highest level of current is 
localized over the boundaries of the lesion due to the effects of 
multiple sclerosis.
Long-Term Physiologic Effects of rTMS.

The inhibitory or facilitator properties of rTMS may be seen 
following a duration of stimulation that typically runs up to 15 
minutes, and they typically linger for approximately ten more 
seconds after the treatment is complete. Although these benefits 
might last for many weeks, they are stronger with frequent 
discussions. Given their ability to demonstrate that rTMS are 
capable of creating an environment that is favorable to neuronal 
plasticity, the Potential therapeutic use of this strategy may 
depend on the strategy's ability to provide long-lasting effects 

following repeated application. These genes are promising 
possibilities for the long-lasting benefits of this NBS technology 
because of rTMS's potential to modify immediately early gene 
induction connected with neuronal activity and neurotrophic 
factors. After extended stimulation, the starting condition is 
more strongly produced, and neither reactive gliosis nor cell 
damage has occurred.
Short-Term Physiologic Effects of rTMS.

The rTMS is a method that uses trains of these electrical 
impulses to induce neural activity. Conventional rTMS occurs 
when pulses are delivered at regular intervals, whereas patterned 
rTMS consists of brief periods of intense stimulation separated 
by periods of rest. Quadripulse stimulation and theta burst 
TBS are two examples of programmed rTMS. Depending on 
the rTMS settings employed, a specific subset of neurons may 
be activated by electrical stimulation since their thresholds to 
this stimulation vary. Frequencies of ≥5 Hz exhibit the opposite 
impact of the more common frequencies of 0.2 to 1 Hz, which 
typically reduce excitability in the brain by inhibiting activity in 
GABAergic neurons. When a low-frequency pulse is followed 
by brief high-frequency maintenance respiration, the inhibitory 
effect of the low-frequency stroke may be enhanced. The short-
term effects of stimulation seem to be mediated by variations 
in brain activity caused by ionic alterations near neurons in 
activity or by the treatment-induced recollection of energy. The 
electrical charge that is held on both sides of the cell membrane 
is altered by the electric field that is created in the brain tissue, 
leading to depolarization or hyperpolarization of the neurons. 
Reafferent feedback from the target structures to the stimulation 
site may be crucial. TMS predominantly affects cell fiber bends, 
axonal-soma, and axonal-bouton borders.
Transcranial Direct Current Stimulation (tDCS).

More than 200 years ago, the first currents of electricity used 
to alter brain function were documented. In the 1950s and 
1960s, substantial animal models were used in these studies. 
Based on these findings, the NBS method known as tDCS was 
created. An inadequate direct current is transmitted from the 
anode to the cathode by attaching two big rubber electrodes to 
the skull. Even if electrical is switched on during off in their 
nearby tissues, the electronic inputs as reaches their brains 
was powerful sufficient can change the amount of spontaneous 
excitability in neurons and activity by changing the membranes 
voltage at resting. In contrast to neurostimulation methods like 
TMS that may induce action potentials by rapidly depolarizing 
the neuronal membrane, tDCS acts as a neuromodulator NBS 
treatment. Current intensities between 1 and 2 mA, particularly 
frequently operating for 10 to 20 min, are typical tDCS settings. 
The effectiveness of tDCS in producing acute alterations to 
membrane polarity is determined by current density, which 
is the product of current intensity and electrode size. While 
tDCS-induced responsiveness alterations during stimulation 
and afterward have comparable neurophysiologic effects, they 
are caused by different processes. They will be addressed 
individually as a result.
Long-Term Physiologic Effects of tDCS.

Alterations in the role of neuronal membranes, which do not 
involve synaptic communication, are also hypothesized as a 

Figure 3. Flexo-extension maximum and a minimum of treatments in 
TBI and stroke.
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basis for tDCS's aftereffects. Contact with persistent electrical 
fields, such as those experienced during stimulation, may elicit 
ionic alterations and alterations in transmembrane proteins, 
resulting in enduring modifications to the function of brain 
membranes. However, synaptic pathways may potentially 
perform a part in the development of tDCS's aftereffects, in 
contrast to its immediate effects.
Short-Term Physiologic Effects of tDCS.

Human studies show that tDCS of the main sensory and 
vision cortex alters the excitability of the cortex in a polarity-
dependent way, with anodal stimulating increasing cortex 
excitation and cathodal stimulation decreasing it. Changes in 
the excitability of the cortex caused by tDCS seem to persist 
more extensively than those induced by standard rTMS when 
administered for long enough. The beneficial effects of tDCS 
may be felt for weeks after treatment, and it only takes 13 
minutes for a single session to alter cortical excitability for 
around 90 minutes. Figure 4 depicts the frequency distribution 
of patients based on their recovery score. To discover the shape 
of the curve that best reflects the recovery over time given in 
Table 1, the unconditional simulation was then run separately 
with the sequential additions of time, quadratic time, and cubic 
period. The findings indicated that a quadratic trajectory fit the 
over time the best.

Figure 4. Recovery Score Distribution.

Table 1. Trajectory of patient recovery.
Model -2 log
Cubic 1023.97
Quartic 1024.21*
Unconditional growth model 1048.63
Note: The necessary value of χ2 for a substantial difference at α = .05 
is a decline from the prior model of ≥ 3.841.

NBS as a Therapeutic Tool in TBI.
Several neurobehavioral effects from TBI may manifest 

within days of the injury and continue to manifest over months. 
Seizures, headaches, movement disorders, motor impairment, 

linguistic and visual deficiencies, insomnia, memory, attention 
difficulties, and concentration problems are a few of these that 
may be present. The healing process is complicated, and it 
may take months or years to fully recover from these sequelae. 
In some cases, a full restoration to baseline function is not 
possible. The many pathways that cause TBI problems provide 
a window for certain therapies at various times. There are two 
main categories of strategies for addressing the effects of TBI; 
initially, they targeted reducing the severity of the first trauma to 
prevent additional neurological nature shortages; and minutely, 
those that encourage reorganization of neural networks, 
permitting for the revisiting of operates that were previously 
impaired or lost. Changing brain excitability for a sufficient 
amount of time is a viable therapeutic approach in this situation, 
which may help to a) mitigate the rapid inflammatory response 
to traumatic brain injury; b) influence the adaptive organization 
in a way that facilitates the development of structurally and 
functionally suitable neuronal connections; and c) promote 
behavioral healing. 

Following a TBI, this discussion will go on to the theoretical 
underpinnings of NBS's potential therapeutic use. However, 
it should be highlighted that the following suggestions ought 
to only be utilized to stimulate further study in this area since 
there are not many papers addressing this subject and because 
the processes behind TBI are not fully understood. Most of the 
variable effects that were obtained from the whole HLM are 
shown in Table 2, along with their corresponding b-weights, 
p-values, and 95% confidence intervals.

Table 2. Socioeconomic and demographic factors, plus injury predictors.

SE b-weight 95% confidence 
interval p-value

Lower 
bound

Upper 
bound

Intercept .24 5.91** 6.46 7.36 <.0002
Time .07 .017** .05 1.27 .008
Occupation 
type .04 .44* .09 .79 .015

Relationship 
status .22 .15 -.25 .54 .476

Education .22 .06 -.16 .26 .620
Employment .18 .52* .12 .92 .013
CT severity 
score .01 -.14 -.29 .03 .085

Cause of injury .01 -.30 -.64 .07 .100
Glasgow coma 
scale score .18 .02 -.04 .09 .385

Post-traumatic 
amnesia .09 -.04** .03 .01 .005

Injury severity 
score .02 -.02 -.03 .02 .406

Time*time -.03*** -.04 −.02 <.0002
Sex .19 -.46* -.83 −.11 .014
Age .01 -02* -.05 −.02 .013
Source: Author
Acute Injury.

They showed that getting well and learning new things after 
a TBI takes time. Consequently, treatment measures must be 
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carefully tailored to the prevailing pathophysiological pathways 
at each stage. Therefore, the methods and environments used 
to treat brain injuries must be carefully tailored to each patient. 
Acute treatment might benefit from therapies that reduce 
cortical excitability, such as those used to reduce excessive 
glutamatergic activity. Animal studies have shown that rTMS 
may reverse indicators indicative of oxidative stress as well as 
apoptosis after brain injury, suggesting that NBS may help in 
healthily healing inflammation and lowering the level of damage 
to the brain currently happening after TBI. However, since 
most NBS methods are quite specific, it is possible that they 
will not be as effective in the context of the broad phenomenon 
that is TBI. More studies using animal models are needed to 
better understand the efficacy of this approach. The neurological 
disruption and potential increase in stimulation of neuron 
elements caused by rTMS, even in the rTMS protocols connected 
to a decrease in cortex excitement, may be deleterious. Since 
tDCS is a kind of subthreshold stimulation, it would be a better 
fit for this situation. NBS may have little effect on lowering acute 
inflammatory processes, but it might help attenuate early plastic 
alterations that could have negative implications. There is an 
opportunity for intervention merely days after brain damage, 
as shown by animal studies showing robust axonal sprouting 
and synaptogenesis. Both Contralateral Thalamic Stimulation 
(cTBS) and Ipsilateral Thalamic Stimulation (iTBS) have been 
shown to have a positive therapeutic effect on patients with 
acute stroke by enhancing the excitability of the cortex in the 
injured brain.
Coupling NBS and Physical Therapy.

The CNS, the cerebral cortex, and the motor maps may 
all undergo plastic modifications as a result of mechanical 
instruction, including the acquisition of new abilities. These 
changes may include enhanced synaptic growth, LTD/LTP-like 
activities, and reconfiguration. Constraint-induced movement 
therapy (CIMT) has been shown to improve motor recovery in 
individuals with chronic stroke by altering representations of 
motor areas in the brain. Similar processes may explain why 
physical exercise improves motor and cognitive results in TBI 
patients. Most of what they know about using these therapies 
after TBI comes from research that focused on stroke rather 
than animals. Electrical cortex stimulation in conjunction 
with rehabilitation training has been demonstrated to improve 
functional outcomes after ischemic stroke in animal studies.
Subacute and Chronic Period.

Alterations in synapse strength and, eventually, morphological 
abnormalities, are necessary for inducing long-lasting effects on 
brain tissue. Modulation of LTP/LTD by NBS is a plausible 
therapeutic technique in the context of TBI since it may 
prevent or at least delay the development of such anatomical 
abnormalities. In addition, NBS has shown positive benefits in 
disease-specific contexts where it induces plastic alterations, 
such as in stroke. Chronic stroke patients who underwent 
glutamate stimulating to the lesioned boundaries of iTBS or 
anodal tDCS had the same positive results. Based on these 
findings, NBS may have therapeutic applications beyond mild 
TBI.

Positive and negative effects of NBS on neuroplasticity.

NBS's favorable effects on neuroplasticity.
• People who use NBS methods can enhance their cognitive 

abilities, including their memory, attention, and problem-
solving capabilities. 

• NBS may stimulate the brain to modify and improve its 
neural networks for optimal performance by giving actual time 
information regarding brain activity.  

• NBS can be included in rehabilitation plans for those who 
have suffered brain injuries. By teaching the brain to make up for 
wasted functionality, it can assist in developing neuroplasticity 
and aid in the restoration of wasted abilities. 
Neuroplasticity and Negative Effects of NBS  

• Some NBS approaches' long-term effectiveness is currently 
being researched. In other situations, the advantages of NBS 
could not be long-lasting, disappointing and frustrating those 
looking for long-lasting enhancements in neuroplasticity.

• Some NBS techniques, especially those that include electrical 
or magnetic stimulation, can cause headaches, vertigo, and other 
unpleasant side effects. 

• NBS methods that include seeing and modifying brain 
activity give rise to ethics and private issues.
Conclusion.

The complex structure of the pathophysiology that underlies 
TBI, the variety of symptoms that succeed at various periods, 
and the distinctive characteristics of every individual all 
call attention to the need of establishing individualized ways 
of treatment. They would assist the body in recovering and 
would lessen the intensity of any repercussions that may be 
disabling. Changes that appear both locally and distantly from 
the lesioned area are the result of brain plasticity, which takes 
place throughout the subclinical and chronic periods that follow 
an injury. Even while these modifications may help bring about 
functional recovery, they also carry the risk of bringing about 
more harm and undesirable results. To promote the former and 
repress the latter, it is essential to identify possible adaptive and 
maladaptive plastic alterations. Extensive research published 
over the last two decades has shown that rTMS and tDCS are 
very effective in inducing neuroplasticity changes in the brain. 
Other therapies, such as physical or behavioral therapy, may 
be combined with them to further enhance their therapeutic 
potential by focusing on even more particular brain networks. 
While these methods have shown promise in treating TBI, 
further work is required to determine whether or not they are 
safe and to determine the best way to stimulate the brain after 
an injury.
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