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Abstract. Transcranial electrical stimulation in post-traumatic stress disorder and brain injury: possibilities of
tuning neuronal networks. Smashna O.Y. Transcranial direct current stimulation (tDCS) in the treatment of post-
traumatic stress disorder (PTSD) is used to strengthen the inhibitory control of amygdala activity. However, there are
still limited meta-analytic studies examining different tDCS protocols on core PTSD symptoms and the relationship
between stimulation parameters and effect size. The objective is to investigate the effectiveness of such an intervention,
which is a complex combination of a psychotherapy program with tDCS in the treatment of patients with PTSD and mild
traumatic brain injury (mTBI) by assessing their level of functioning. 329 veterans (PTSD (n=109), mTBI (n=112),
PTSD + mTBI (n=108) were examined using WHODAS 2.0. Standardized treatment was provided as well as psy-
chotherapeutic intervention - a combination of psychoeducation with motivational interviewing and acceptance and
commitment therapy for PTSD and tDCS. Clinical targets of therapy in the PTSD group were symptoms of intrusion,
avoidance, hyperactivation and protocol of tDCS was dorsolateral prefrontal cortex arousing stimulation. In PTSD + TBI
group clinical targets were neurocognitive symptoms, intrusion symptoms, avoidance, hyperactivation and tDCT protocol
was motor cortex-supraorbital area inhibitory stimulation. The targest for TBI group was neurocognitive symptoms and
tDCS protocol was occipital region exciting stimulation. The long-term effectiveness and the impact on neuroplasticity
processes allow considering transcranial direct current stimulation as a promising method of neurorehabilitation of
patients with a combination of posttraumatic stress disorder and mild traumatic brain injury.

Pegepar. TpaHckpaHiajJibHA €JIEKTPOCTHMYJIAIIA NPH MOCTTPABMATHYHOMY CTPECOBOMY PO3Jajdi Ta YepemHo-
MO3KOBili TpaBMi: MOXJIMBOCTI HAJAIITyBaHHS HelipoHaasbHux Mepexk. Cmammna O.€. Tpauckpanianvha
enexmpocmumynayis (tDCS) npu nikyeanui nocmmpasmamuynozo cmpecogozo posnaoy (IITCP) euxopucmosgyemuvcsa 0
NOCUNIEHHS 2AIbMIBHO20 KOHMPOII0 aKkmueHocmi muzoanunu. Ilpome memaananimuuni 00Caioxicents, AKi 6U84A0Ms
PI3HI nPOMOKOAU MPAHCKPAHIATLHOL eNeKmpoCmumynayii wooo ocuoeuux cumnmomie IITCP i 38’a3ky midc napa-
Mempamu CmuMyIsiyii ma poamipom epekmy, ece we e 00cmamuvo eugueri. Mema nonseana 6 momy, woo oocrioumu
eekmusHicImb KOMIIEKCHO20 8MPYUANHs Y U2l NOEOHaHHs ncuxomepanesmuynoi npoepamu 3 tDCS y nikyeanni
nayienmig i3 HITCP ma neekoro wepenno-mosko6oio mpaemoro (YMT) winsxom oyinku ixHb020 piHs (OyHKYIOHYGAHHSL.
byno ob6cmennceno 329 eemepanis (109 3 IITCP, 112 3 neexoro YMT ma 108 3 komop6ionumu IITCP ma neekoro UMT) 3a
00NOMO2010 ONUMYBANbHUKA 00MedcerHs scummedisnoHocmi BOO3 (WHODAS 2.0). Ycim nayiecumam 6yno npogedeno
cmanoapmu3oeane NiKy8anHs, d MaKodic NCUXomepanesmuyme 6Mpyianis — NOCOHAHHA NCUXOOCEIMU 3 MOMUBAYITIHUM
inmepg’r0 ma mepanisa npuiHammsa ma sionosioarvHocmi, a maxodic tDCS. Kniniunumu yinamu mepanii 6 epyni IITCP
OYIU CUMNMOMU 8MOPSHEHHS, VHUKHEeHHs, cinepakmusayii, a npomoxonom tDCS 6yna cmumyasayis 0opcoramepanrbHoi
npe@poumanvHoi kopu 2010681020 Mo3Ky. V epyni IITTCP + UMT xniniunumu yinamu 0yau HeupOKOSHIMUSHI CUMNIMOMU,
CUMNIMOMU BMOPEHENHs, YHUKHeH s, cinepakmusayii, a npomoxonrom tDCT Oyaa ineioimopna cmumyasiyiss MOMOPHOL
KOpu 2071081020 MO3KY ma cynpaopoimanvhoi oinanxu. Linno ons epynu YMT Oyau HellpOKOSHIMUSHI CUMNMOMU, A
npomoxonom tDCS 6yna 30yoruea cmumyasayis nNoOmuiudnoi oinanku. Biooarena eghexmusnicms i 6naug nHa npoyecu
Hetponaacmuynocmi 0036o0s10me poszensioamu tDCS sk nepcnekmugnutl mMemood Hevpopeabinimayii nayienmis i3
noeouanmam IHITCP ma nezxoi YMT.

Neuroimaging studies of posttraumatic stress disor-
der (PTSD) have focused on dysfunctional executive
function systems, contextual processing, threat detec-
tion, fear learning, and emotional regulation [1, 2, 3].

The most common medical comorbidity of PTSD
and mild brain injury in modern realities leads to the
addition of cognitive disorders of the organic register
[4, 5], mental fatigue, changes in personality and
behavior in the form of a combination of impulsivity
and apathy caused by multiple axonal brain damage
to the classic symptoms of PTSD [5, 6].

Therefore, in the comorbidity of PTSD and mild
traumatic brain injury (mTBI), there is hyperactivity
in the emotional processing network and hypoactivity
in the dorsal network of executive functions [7, 8] and
are characterized by a disturbance of adaptive proces-
sing systems, which is associated with changes in the
functional and even morphological structures of the
brain, which is confirmed by fMRI studies [9, 10].

Medical treatment of patients with PTSD and mild
TBI is characterized by low compliance due to a large
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number of side effects of treatment, resistance of
symptoms to psychotropic drugs [4, 5, 10]. Cognitive
impairments become an obstacle to the involvement
of PTSD patients in effective methods of providing
psychotherapeutic care, because to obtain a positive
result from interventions based on cognitive control
of emotions and changing maladaptive thoughts and
behaviors to adaptive ones, sufficient executive
function is required [8, 10, 11, 12]. And the actual
deficit of executive function or inefficient functioning
of neural networks reduces the effectiveness of
trauma-oriented and evidence-based psychological
interventions for PTSD patients [13, 14, 15, 16].

Neuromodulation (or neurostimulation) is one of
the most modern areas of science and is a technology
of influencing the functional state (bioelectrogenesis)
of the brain and spinal cord [17]. Transcranial direct
current stimulation has some clinical and practical
advantages compared to other methods of brain
stimulation — it is cheap, easy to use, and has minimal
side effects [18, 19].
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Transcranial direct current stimulation (tDCS) in
the treatment of post-traumatic stress disorders is
used to strengthen the inhibitory control of amygdala
activity [20, 21, 22, 23].

However, there are still limited meta-analytic
studies examining different tDCS protocols on core
PTSD symptoms and the relationship between
stimulation parameters and effect size[24].

The objective is to investigate the effectiveness of
such an intervention, which is a complex combination
of a psychotherapy program with transcranial direct
current electrical stimulation in the treatment of
patients with posttraumatic stress disorder and mild
traumatic brain injury by assessing their level of
functioning.

MATERIALS AND METHODS OF RESEARCH

We searched MEDLINE/PubMed and Web of
Science databases CrossRef, PubMed, Google Scho-
lar, Directory of Open Access Scholarly Resources
(ROAD), Bielefeld Academic Search Engine
(BASE), Directory of Open Access Journals (DOAJ)
for the period 2012-2022 by keywords: post-trau-
matic stress disorder, mild traumatic brain injury,
transcranial indirect electrical stimulation (tDCS),
neuromodulation, tDCS mounting, comorbidity with
the aim of selecting tDCS mounting as an augmenting
combined therapy in the structure of medical
management of PTSD, TBI and comorbid conditions
of mild TBI+PTSD. 12 studies were selected for
analysis of tDCS mounting for PTSD and mTBI.

The investigation was conducted in Ternopil
clinical municipal psychoneurological hospital, Ter-
nopil, Ukraine. The material of the research was the
results of the examination of 329 employees of the
Armed Forces, the National Guard and "volunteer
battalions" who took part in combat operations in the
Donetsk and Luhansk regions. Based on the results of
the collected anamnestic data, the results of the
clinical interview and the results of the CAPS-5, the
specified contingent was structured into three research
groups: 1 —a group of patients diagnosed with post-
traumatic stress disorder (PTSD group) — 109 people
(33.1% of the examined contingent); 2 group — patients
with consequences of craniocerebral trauma (TBI
group) — 112 people (34.0%); 3 group — patients
suffering from PTSD with comorbid consequences of
TBI (TBI group) — 108 people (32.8%). After pro-
viding prior informed consent to participate in the
study all participants received a course of combined
therapy, namely: in addition to standard therapy in
accordance with the Unified Protocols for PTSD and
mTBI, they received psychotherapeutic intervention (a
combination of psychoeducation with elements of
motivational interviewing and Acceptance and Com-
mitment Therapy (ACT) for PTSD, and transcranial
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direct current electrical stimulation (tDCS) with low-
frequency electrotherapy device “Radius-01 Cranio”.
The duration of treatment was 8 weeks: 10 tDCS
sessions daily and 8 weekly psychotherapy sessions
lasting 45-60 minutes 1-2 times a week.

All studies of this scientific work meet the
requirements and principles of bioethics. When per-
forming the work, safety rules for patients were
observed, rights and canons of human dignity were
preserved, moral and ethical norms in accordance with
the main provisions of GSP (1996), Council of Europe
Convention on Human Rights and Biomedicine (on
April 04, 1997), Helsinki Declaration of the World
Medical association on the ethical principles of
scientific medical research with human participation
(1964-2000) and the Order of the Ministry of Health of
Ukraine No. 281 on November 01, 2000, the ethical
code of the scientists of Ukraine (2009).

In accordance with the WHO Disability Asses-
sment Schedule (WHODAS 2.0) (English version)
[25], we determined the level of functioning in the
following domains: cognition (CW); mobility (MW);
self care (SW); relationships (RW); daytime activity
(LW); social activity (PW); general level of func-
tioning (WHO). We alson determined a rank cor-
relation between individual criteria of the CAPS-5
scale and domains of the WHODAS 2.0 test.

The obtained results were analyzed using the
method of descriptive statistics, calculation of Fi-
sher’s @*-angular transformation, U-test of Mann and
Whitney, W-test of Wilcoxon. IBM SPSS software
was used in the work (IBM SPSS Statistics 28). Due
to the use of parametric methods of statistical
assessment in the reseach work, the normality of data
distribution has not carried out. Conclusions with a
probability of error of less than 0.5 percent were
considered statistically significant [26].

RESULTS AND DISCUSSION

Based on the analysis of search sources, we
determined that the issues regarding the algorithms of
tDCS application in the comorbidity of PTSD and
TBI are quite controversial and ambiguous. To be
eligible, studies had to meet the following criteria:
experimental studies in adult TBI patients receiving
therapeutic tDCS with the primary/research objective
of evaluating the outcomes that are clinical (e.g.,
cognitive, motor, or level of consciousness) or sur-
rogate (e.g., electroencephalogram (EEG)). Trans-
cranial magnetic stimulation (TMS) for any time
period was compared to the pre-treatment baseline.
We did not take into account the studies that did not
meet these criteria, selecting first by title, then by
abstract, and then by full text.

When analyzing scientific works that investigated
the effectiveness of tDCS in PTSD, they can be
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divided into several types depending on the method’s
application protocol — excitatory and inhibitory,
unilateral and bilateral.

The neurobiological premise behind the dif-
ferential effects of tDCS is the understanding that
various neural networks and imbalances in their
activity may underlie the four clusters of symptoms
which are characteristic of PTSD. To be more
specific, changes within and between networks, such
as default mode network (DMN), salience network
(SN) and central executive network (CEN), have been
associated with PTSD. There is a persistent decrease
in functional connectivity within the DMN, and
disorganization between regions which belong to the
DMN is associated with the consolidation of memo-
ries which are related to trauma and training to avoid
reminders of the trauma.

Alternatively, functional connection within the
SN appears to be enhanced, and a relative dominance
of the SN over the DMN has been suggested. It is true
that increased connection between the DMN and
regions belonging to the SN and CEN, particularly
between the amygdala and the hippocampus, and
decreased connectivity between the amygdala and the
medial prefrontal cortex have been shown to be
associated with memory intrusion and re-expe-
riencing traumatic events.

Decreased functional connection between the amyg-
dala and the medial prefrontal cortex was also asso-
ciated with excessive fear, while hyperactivation of the
islet and the right prefrontal cortex, as well as general
neural sensitization, were associated with hyperarousal.
Thus, it is quite possible that by affecting various neural
networks and associated clusters of symptoms,
stimulation which is both excitatory and inhibitory
would lead to a general positive effect. This is consistent
with the studies which directly compare excitatory and
inhibitory DLPFC stimulation.

Arousal stimulation. Six studies examined the
effects of arousal stimulation on reducing PTSD
symptoms in 107 experimental patients and 103 cont-
rol patients. Despite the fact that individual study
estimates were highly heterogeneous, the meta-
analysis found a significant effect of symptom reduc-
tion with a large effect size (g Hedges =-1.161).

Four studies used stimulation of the right DLPFC.
Despite the fact that the effect estimates were highly
heterogeneous (12=283.32%), the meta-analysis
found a significant positive effect with a large effect
size (Hedges’ g = -1.225). Two studies using bila-
teral DLPFC stimulation did not reveal any signi-
ficant positive effect. Four studies examined the
effect of excitatory stimulation on the left DLPFC,
and three of them revealed a pronounced effect and
one a moderate effect of using such assembling.
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Inhibitory stimulation. The effects of inhibitory
stimulation on PTSD symptoms were studied five times
with a total of 84 patients in the experimental group and
79 patients in the sham group, and in all of them expo-
sure to the right DLPF was applied. The heterogeneity
of individual effect estimates was low (I12=3.85%). A
meta-analysis revealed a significant positive effect of
active versus sham stimulation or no stimulation with a
medium effect size (Hedges’ g = -0.680).

The effectiveness of tDCS as an augmentative or
adjuvant therapy has also been investigated. Six
studies were included in the analysis, when patients
underwent psychopharmacological and psychothe-
rapeutic treatment during tDCS neuromodulation.
The other four studies, in contrast, showed the results
of tDCS monotherapy. Meta-regression did not show
any significant difference (p=0.149) between studies
that studied tDCS as mono-therapy or as augmen-
tation therapy. A separate meta-analysis for the two
groups showed that both tDCS and adjunctive therapy
revealed significant positive effects with medium
(Hedges’ g =-0.649) and large (Hedges’ g =-1.446)
effect sizes, respectively.

Two studies examining the effects of active versus
sham tDCS showed a considerable reduction in PTSD
symptoms when the anode and cathode were placed
over the left and right DLPFC, respectively. Several
studies reveal that right stimulation is associated with
significant improvement in core PTSD symptoms,
whereas left stimulation results in improved mood but
only moderate improvement in core trauma symp-
toms. This corresponds to the notion that PTSD is
associated with right-sided pathology and is con-
sistent with the study by Cirillo et al., which demon-
strates the superiority of right prefrontal neuromo-
dulatory exposure to reduce anxiety and PTSD symp-
toms and relative symptom severity in patients with
comorbid PTSD and the decision to use a left or right
stimulation protocol should be determined by
depressive disorders.

Moreover, studies on the efficacy of tDCS as an
augmentation showed that both mono- and augmen-
tation therapy produced significant positive effects, al-
though effect sizes for augmentation therapy were smal-
ler compared to the control group. This may be due to
the fact that control patients benefited from psychophar-
macological and/or psychotherapeutic treatment.

With informed consent, 329 veterans who fully
completed the research program (initial examination,
treatment program, re-examination) were included in
the study, from which three clinical groups were
formed: individuals with PTSD (n=109), with mild
TBI (n=112) and with a comorbid condition of
PTSD+TBI (n=108). All patients received standard
therapy according to the Unified Protocols for PTSD
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and mild TBI. In addition, they received psychothe-
rapeutic intervention (a combination of psychoedu-
cation with elements of motivational interviewing
and acceptance and commitment therapy (ACT) for
PTSD) and transcranial electrical stimulation with
constant current (tDCS). The duration of treatment
was 8 weeks: 10 tDCS sessions daily and 8 weekly
psychotherapy sessions lasting between 45 and
60 minutes once or twice a week.

We compared the functioning of patients in sepa-
rate clinical groups (PTSD, TBI, and PTSD/TBI)
after using a treatment program that included standard
therapy in accordance with the Unified Protocols for
PTSD and mild TBI, as well as a comprehensive
intervention program: psychotherapeutic intervention
(a combination of psychoeducation including ele-

ments of motivational interviewing and acceptance
and commitment therapy for PTSD) and transcranial
direct current electrical stimulation (tDCS) (Table 1).

Comprehensive intervention program for comor-
bidity of PTSD and mild TBI was based on the
database analisis. Clinical targets of therapy in the
PTSD group were symptoms of intrusion, avoidance,
hyperactivation and protocol of tDCS was dor-
solateral prefrontal cortex (DLPFC) arousing stimu-
lation. In PTSD + TBI group clinical targets were
neurocognitive symptoms, intrusion symptoms,
avoidance, hyperactivation and tDCT protocol was
motor cortex-supraorbital area (MI-SO) inhibitory
stimulation. The targest for TBI group was neuro-
cognitive symptoms and tDCS protocol was occipital
region (Cz-Oz) exciting stimulation.

Table 1

Comprehensive intervention program for comorbidity of PTSD and mild TBI

Clinical groups PTSD

PTSD+TBI TBI

Clinical targets of therapy Symptoms of intrusion,

avoidance, hyperactivation

Protocol of tDCS DLPFC, arousing stimulation

Psychotherapeutic program

Neurocognitive symptoms,
intrusion symptoms,
avoidance, hyperactivation

Neurocognitive symptoms
Cz-0Oz, arousing stimulation

MI-SO, inhibitory stimulation

Psychoeducation
Motivational interview

Acceptance and commitment therapies for PTSD

Notes: DLPFC — dorsolateral prefrontal cortex; MI-SO — motor cortex-supraorbital area; Cz-Oz — occipital region.

In accordance with the WHODAS 2.0 scale, we
determined the level of functioning in six domains:
cognition (CW); mobility (MW); self care (SW);
relationships (RW); daytime activity (LW); social
activity (PW); general level of functioning (WHO).
We also determined a rank correlation between
individual criteria of the CAPS-5 scale and domains
of the WHODAS 2.0 test.

As a result of calculating the Mann-Whitney U
coefficient when comparing the indicators of the
WHODAS 2.0 test of the representatives of the stu-
died groups during the initial and second examination
(Table 2), it was established that in both cases the
respondents of the PTSD group had significantly
(p<0.032) higher indicators in all scales of the test,
than the respondents of the TBI group, which
indicated a more significant impairment of the
functionality of patients in the presence of PTSD. At
the same time, in comparison with the PTSD/TBI
group, respondents of the PTSD group had signi-
ficantly higher scores only on the RW (relationship)
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scale at the re-examination (p=0.016); on the CW
(cognitive sphere) scale at the re-examination and the
LW (daily activity) scales and the WHO integral
index at the initial examination — on the contrary,
significantly lower indicators (p<0.003), and on all
other scales — no statistically significant differences
were recorded at all (p>0.058). Therefore, we asso-
ciate the combination of PTSD and TBI with a more
significant and persistent impairment of the cognitive
sphere, as well as a decrease in daytime activity.
However, the presence of PTSD without somatic
burden was associated with more significant impair-
ments in relationships.

The identified features make it possible to assert
that the condition of PTSD patients was characterized
by significantly more pronounced disturbances in all
spheres of life, investigated by the WHODAS 2.0
test, than in patients with TBI. At the same time, the
overall level of impairment in patients with comorbid
PTSD and TBI at baseline was even more pronounced
than in the PTSD group.
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Table 2
Characteristics of clinical groups according to domains
of the WHODAS 2.0 test at initial and second examination
No. scales CwW MW SW RW LW PW WHO
Diagnostic examination eroups PTSD-TBI
U 4196 3765 5126,5 1173 549 406,5 76,5
P 5,7E-05 1,2E-07 0,032 1,9E-25 9,8E-32 9,5E-34 7,1E-37
groups PTSD-PTSD/TBI
U 5019,5 5604 5687 5562 3921,5 5110,5 4540
p 0,058 0,449 0,640 0,47007 1E-05 0,089 0,003
groups TBI-PTSD/TBI
U 3200 4060 5380 1086 109 509,5 22,5
p 1,5E-09 7,7E-06 0,144 3,9E-26 6E-37 2,4E-32 2,4E-37
Examination after treatment

groups PTSD-TBI
U 4049 3129 3942,5 2657,5 2233,5 1821 418,5
P 1,5E-05 3,5E-13 1,2E-06 3,3E-13 8,8E-17 9,5E-20 5,3E-33
groups PTSD-PTSD/TBI
U 3882 5740,5 5693 4783 5167 5786 4925
P 1,4E-05 0,555 0,614 0,016 0,119 0,828 0,037
groups TBI-PTSD/TBI
U 2264 3020,5 4129,5 3550 1020 2407 151,5
P 1E-15 54E-14 1,7E-05 1E-07 4,4E-27 5,5E-15 7,8E-36

Notes: CW — cognitive sphere; MW — mobility; SW — self-care; RW — relationships; LW — daytime activity; PW — social activity; WHO — total score.

Complex trends were revealed when comparing
WHODAS 2.0 test scores in representatives of the
TBI and PTSD/TBI groups. During the first exami-
nation, on all scales, except for MW (mobility) and
SW (self-care), significantly (p<1.5E-09) higher indi-
cators occurred in the representatives of the
PTSD/TBI group. On the MW (mobility) scale, on the
contrary, these indicators were higher in the repre-
sentatives of the TBI group (p=7.7E-06), and no
significant differences were found on the SW (self-
care) scale (p=0.144). During the re-examination both
on the MW (mobility) scale and on the SW (self-care)
scale, significantly higher indicators occurred in the
respondents of the TBI group (p<1.7E-05), and on all
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other scales, on the contrary, these indicators were
higher in the respondents of the PTSD/TBI group
(p<1E-07). Therefore, patients in the PTSD/TBI group
had lower functional indicators after the therapy with
the exception of MW (mobility) and SW (self care).

Discussion. Therefore, the patients of all clinical
groups revealed the most pronounced disorders in the
cognitive sphere (CW), the sphere of relationships
(RW), social (PW) and daytime activity (LW). We
associate the combination of PTSD and TBI with
more significant and persistent cognitive impairment,
as well as reduced daytime activity.

At the second examination, the majority of res-
pondents revealed significantly lower indicators of all
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scales of the WHODAS 2.0 methodology than at the
first one, which indicated the effectiveness of the
therapy. The state of the cognitive sphere proved to
be important for the effective psychotherapeutic
effect on patients both within the PTSD group and
with the PTSD/TBI. Patients in the PTSD/TBI group
had lower functional scores than the other groups
after the therapy, with the exception of MW
(mobility) and SW (self care).

In the PTSD group, a tendency to the complete
disappearance of the relationship between distur-
bances in the spheres of mobility and daytime activity
and PTSD manifestations after the therapy was
determined. Milder severity of self-care problems
before therapy was associated with more effective
leveling of mobility problems at the end of therapy.
In the group of TBI, problems related to daytime
activity, mobility after a course of therapy lost con-
nections with any pathological symptoms, but prob-
lems related to social activity, on the contrary, after a
course of therapy received a clear connection with the
presence and expressiveness of distress (especially
related to professional activity). In the PTSD/TBI
group, the connections of violations in the field of
self-care with "intrusion" symptoms and the con-
nections between the expressiveness of violations in
the sphere of relationships with the level of cognitive
distortion of the feeling of guilt remained, and
therefore the recommendations to increase the
duration of the therapeutic program are determined
specifically for the PTSD/TBI group.

The results of our study indicate that the combination
of psychotherapy and transcranial direct current
stimulation (tDCS) can be effective in treating patients
with PTSD and mild traumatic brain injury (mTBI).
However, it is crucial to critically compare and contrast
these findings with those from other researchers in the
field to contextualize and validate our results.

Previous studies have shown varying effects of
tDCS on PTSD symptoms. For example, some resear-
chers have reported significant improvements in core
PTSD symptoms with tDCS, particularly in relation to
reducing anxiety and enhancing emotional regulation
[20, 21]. In contrast, other studies have found limited
or no effects, attributing this to differences in stimu-
lation parameters, such as electrode placement, current
intensity, and session duration [22, 23]. Our findings
align with studies that demonstrate a positive impact of
tDCS on emotional processing, but they also diverge
from studies where tDCS alone did not show signi-
ficant improvements. This discrepancy could be due to
variations in patient characteristics, including the
severity of mTBI and comorbid conditions.

Furthermore, while our study supports the inte-
gration of tDCS with psychotherapy, other research
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has suggested that tDCS's efficacy might be enhanced
or diminished depending on the type of psycho-
therapy employed [24]. Studies comparing different
psychotherapeutic approaches combined with tDCS
have produced mixed results, highlighting the need
for further investigation into the optimal therapeutic
protocols [25, 26].

Overall, our results contribute to the growing body
of evidence supporting the use of neuromodulation
techniques in conjunction with traditional psycho-
therapeutic methods for treating PTSD and mTBI.
Nonetheless, the variability in outcomes across dif-
ferent studies underscores the necessity for additional
meta-analytic reviews and well-controlled trials to
refine tDCS protocols and better understand the
mechanisms underlying its effectiveness.

CONCLUSIONS

1. In the majority of respondents, the indicators of
all scales of the WHO Disability Assessment Sche-
dule (WHODAS 2.0) methodology at the second exa-
mination were significantly lower than at the first one,
which indicated the effectiveness of the therapy. The
state of the cognitive sphere turned out to be im-
portant for the effective psychotherapeutic effect on
patients both within the posttraumatic stress disorder
group and with the comorbid posttraumatic stress
disorder and traumatic brain injury. Patients in the
comorbidity of posttraumatic stress disorder and
traumatic brain injury had lower functional scores
than the patients in the other groups after the therapy,
with the exception of mobility and self care.

2. Transcranial direct current stimulation has
some clinical and practical advantages compared to
other methods of brain stimulation — it is cheap, easy
to use and has minimal side effects. The long-term
effectiveness and the impact on neuroplasticity pro-
cesses allow considering transcranial direct current
stimulation as a promising method of neurorcha-
bilitation of patients with a combination of posttrau-
matic stress disorder and mild traumatic brain injury.

3. There are limited therapeutic options for pa-
tients with comorbidity of posttraumatic stress disor-
der and mild traumatic brain injury which is a
complex medical comorbidity, and implementation of
transcranial direct current stimulation is considered to
be a potential neurorehabilitation adjunct which may
improve clinical outcomes (e.g., motor, cognitive,
and alertness) in such comorbidity.
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