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Abstract

Introduction As a result of local military conflicts that have become more frequent over the past decades, the number of
military personnel subjected to combat stress has sharply increased. More than 50% of them suffer from combat
posttraumatic stress disorder. The most common comorbidity in this category of patients is a traumatic brain injury. Due to
the undesirability of the long-term use of pharmacological agents, for rehabilitation, preference should be given to
physiotherapeutic procedures. Objects and methods We examined 50 patients with post-traumatic stress disorder in
combination with a closed craniocerebral injury. Group 1-25 patients received standard complex treatment at the
sanatoriumresort rehabilitation stage (diet therapy, climatotherapy, balneotherapy, exercise therapy, psychotherapy). Group
2-25 patients, in addition to the standard complex treatment, received a course of high-tone therapy.

Results Complex rehabilitation of patients with the use of high-tone therapy contributes to a significant decrease in
asthenoneurotic (p < 0.05) and asthenic depressive (p < 0.01) syndromes and has a psycho-relaxing effect on anxiety
syndrome (p < 0.01). There was also a decrease in the severity of pyramidal symptoms and regression of the vestibulo-atactic
syndrome (p < 0.05). The course application of hightone therapy was accompanied by a significant restoration of the
elastotonic properties of the vascular wall and an improvement in cerebral perfusion (p < 0.05). Positive dynamics of
electrophysiological indicators were noted: a decrease in the intensity of slow rhythms against the background of an increase
in the frequency and intensity of the alpha rhythm in both hemispheres (p < 0.05), which indicates the harmonization of the
bioelectrical activity of the brain.

Keywords High-tone therapy - Traumatic brain injury - Electroencephalography

Introduction

The vast majority of military personnel exposed to combat
stress during their participation in local wars in recent
decades suffer from combat post-traumatic stress disorder
(PTSD). According to various researchers, this number
ranges from
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58.3 to 77.8% of combatants [1-6]. One of the most frequent
(and most severe) comorbidities in this category of patients
is a traumatic brain injury [7—11]. Most often, the limitation
of the vital activity of such patients and, accordingly, a
decrease in the quality of life are associated with various
types of impairment of body functions: motor (paresis and
paralysis, imbalance and coordination), sensory (hearing and
visual impairment), and cognitive and emotional
(depression, anxiety, aggression, personality changes) [12—
15].

It is well-known that the consequences of TBI are
characterized, like any disease of exogenous organic origin,
primarily asthenia. Clinical manifestations are determined
by pathopsychological increased exhaustion, which is a
cardinal sign of post-traumatic changes in mental activity
[16, 17]. This exhaustion is especially noticeable in the study
of intelligence in a pathopsychological experiment [18].
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Post-traumatic cerebral pathology rarely occurs without
intellectual and amnestic disorders. Exhaustion can manifest
itself in mental disorders: patients have superficial
judgments and difficulty in identifying vital signs of objects
and phenomena [19]. This kind of simple judgment can be
temporary. Often, even a little mental stress becomes
unbearable for the patient and leads to severe exhaustion [20,
21].

In a later period, both destructive and reparative processes
in the brain are completed with the possible development of
scarring and atrophy processes. Therefore, one of the main
criteria for improving the state of the morphological
substrate is the complete restoration of cerebral circulation
[22-25]. One of the most urgent problems in the long-term
period of TBI is the state of adequate cerebral perfusion and
maintenance of cerebral autoregulation. The violations of
autoregulation and reactivity of cerebral vessels during this
period lead to a discrepancy between the volume of cerebral
circulation, metabolism, and functional activity of the brain.
Significant influence on the autoregulation of cerebral
circulation is exerted by intracranial pressure. Therefore,
transcranial Doppler sonography (TDS) is a topical study for
this contingent of patients since it is it that allows you to
quickly and qualitatively assess the state of cerebral blood
flow, conduct functional tests to determine the reactivity of
blood vessels, and evaluate the resistance of the vascular
wall [26-28].

The hospital stage of treatment cannot fully solve the full
recovery of patients with PTSD and TBI. The rehabilitation
of such patients takes a considerable period [29-32]. In the
pharmacological treatment of long-term consequences,
preference is given to antidepressants since it is depressive
disorders that accompany this ailment in 50% of cases.
However, this method, unfortunately, has many negative
consequences and side effects [33].

Physiotherapeutic methods of treatment that take into
account the specifics of the brain’s functioning are more
acceptable: transcerebral electric effects, magnetotherapy,
laser therapy, and microwave therapy [34-36]. One of the
promising physiotherapeutic methods is high-tone therapy
(HTT). It uses electric currents with a frequency of 4096 to
32768 Hz. A feature of HTT is the stimulation of
intracellular mitochondria, accompanied by an increase in
their number and size. As a result, the synthesis of ATP
increases, which promotes regenerative processes. Positive
data on the use of HTT were obtained in patients with
discirculatory encephalopathy [37-39]. It has been
demonstrated that hightone therapy leads to a significant
regression of complaints and neurological manifestations of
the disease, restoration of intellectual amnestic functions,
and a significant improvement in cerebral circulation.
Unfortunately, the number of published works on the results
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of the use of HTT is tiny, and therefore, additional research
is required [40].

The study aimed to study the effectiveness of the high-
tone therapy in the complex treatment of military personnel
with post-traumatic stress disorder and the consequences of
traumatic brain injury of mild severity at the sanatorium-
resort stage of rehabilitation.

Object and research methods

We examined 50 military combatants with PTSD and the
consequences of a traumatic brain injury of mild severity
(mTBI), who were admitted to early sanatorium-resort
rehabilitation immediately after being discharged from
hospitals. All patients were men; the average age was (29.43
+ 5.86) years.

The inclusion criteria were as follows: (1) the patient must
be at least 18 years of age, (2) meet the criteria for
diagnosing post-traumatic stress disorder and a reliably
diagnosed mild closed craniocerebral injury according to
ICD 10; (3) a confirmed fact of direct participation in
hostilities; (4) the limitation of participation in hostilities is
not less than 1 year; (5) male gender; and (6) voluntary
informed consent to participate in the study.

The exclusion criteria were as follows: (1) suicidal risk;
(2) an ongoing episode of bipolar illness or psychotic
disorder; (3) current alcohol or drug abuse; (4) simultaneous
psychiatric or psychological treatment of post-traumatic
stress disorder outside of spa treatment; (5) craniocerebral
injury of moderate and severe severity; (6) epileptic seizures
in history or epileptiform activity, registered according to
electroencephalography data; and (7) the presence of
implanted metal structures and the presence of a pacemaker.

A comprehensive examination of patients included:

« Neurological examination: patient complaints,
conditions of injury, life history, objective
neurological status for the presence of focal
symptoms, dysfunction of the cranial nerves, signs
of damage to the brain stem, pyramidal tract, speech,
vestibular and autonomic disorders

- Self-assessment of psychological status according to
the WAM method (well-being, activity, mood),
assessment of the level of anxiety—depressive state
using the Hamilton Anxiety Rating Scale (HARS)
and Hamilton Depression Rating Scale (HDSR)
scales [41, 42]

- Assessment of the state of cerebral circulation by
ultrasound Dopplerography and transcranial duplex
scanning

- Assessment of the state of the electrical activity of
the brain by the method of electroencephalography
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After the examination, all patients were randomly divided
into two groups:
Group 1 (control): 25 patients with PTSD and the
consequences of mTBI received standard complex
treatment at the spa stage of rehabilitation:

« Diet therapy (balanced nutrition with a total caloric
content of 2500-2800 kcal)

+ Climatotherapy (walks in the fresh sea air, with a
mandatory stay in the air during the daytime for at
least 2 h)

« Balneotherapy (general oxygen baths) (procedures
were carried out every other day, in the amount of 8—
10 procedures per course of treatment, temperature
38-40° C)

« Physiotherapy exercises (group,
dynamic and static exercises)

« Psychotherapy (group and individual)

using active

Group 2 (main): 25 patients with PTSD and the
consequences of mTBI received a course of high-tone
therapy in addition to the standard complex treatment. A
therapy device, HIiTOP 184 (gbo Medizintechnik,
Rimbach, Germany), was used for the procedures. The
electrodes were located in the neck—collar area. We used
a sinusoidally modulated current with a frequency of 10
to 100 Hz. The duration of the first two procedures was
40 min, all subsequent ones — 60 min. The whole course
consisted of 12 procedures.

Statistical analysis of the data obtained was performed
using Microsoft Excel and Statistica v. 5.0. According to the
Shapiro-Wilk test, the empirical distribution of indicators
was checked for compliance with the normal law. The
assessment of differences in values in related samples was
carried out using the G-sign test and, in unrelated samples,
the Student’s t test. Differences between the studied data for
all types of statistical analysis were considered significant
when p < 0.05.

Results and discussion

At the initial examination of patients, the most frequent
complaints of a violation of the psychological state were the
following: sleep disturbance (96.0%), emotional lability
(94.0%), irritability (92.0%), inability to relax (88.0%),
withdrawal and indifference (82.0%), depressed mood
(80.0%), and anxious perception of everyday life events
(88.0%). There were also somatic symptoms of anxiety in
the form of causeless tremors in the body (84.0%),
subjective sensations of disturbed heartbeat (78.0%), lack of

air (76.0%), and a “lump in the throat” (70.0%). The patients
did not express feelings of acute melancholy and despair.

All patients had a low baseline level of self-esteem
according to the indicators of the WAM questionnaire. The
indicator of well-being was (15.78 = 1.46) points, the
indicator of activity was (22.35 + 1.52) points, and the
indicator of mood was (16.91 + 1.28) points, which
corresponded to an overall low score.

The level of anxiety, determined on the HARS scale at the
beginning of treatment, was (19.18 + 2.55) points, which
corresponds to the average level of anxiety.

The study results on the HRDS scale were (15.28 + 1.65)
points, which made it possible to characterize the level of
depression as a depressive disorder of moderate severity.

In the mental status of patients in the overwhelming
majority of cases (84.0%), one could note gloomy
irritability; readiness for affective outbursts when discussing
emotionally important topics; increased fatigue; intolerance
to bright light and loud sounds; emotional lability; fixation
on their feelings; persistent fears of possible side effects of
treatment; and pessimistic assessment of the present and the
future. In almost all patients, during targeted questioning,
hypothymia was revealed, which manifested itself, first of
all, a loss of interest in activities that used to be enjoyable.

Neurological examination of servicemen with PTSD and
the consequences of mTBI revealed almost all the primary
clinical neurological syndromes that limit the life of the
victims: sensory disorders, pyramidal insufficiency,
vestibular syndrome, liquor dynamic syndrome, and
autonomic disorder syndrome (Table 1). In most cases
(76.0%), each patient had a combination of several
syndromes with varying degrees of manifestation.

In general, when comparing neurological examination
data with complaints presented by patients, there is an
advantage of subjective neurological symptoms over
objective ones.

Sensory impairments were manifested by symptoms of
paresthesia, such as tingling or numbness and
hypersensitivity to sensory stimuli.

Reflex disorders manifested the defeat of the pyramidal
pathways in the form of asymmetry of tendon-periosteal
reflexes, the appearance of pathological flexion or extension
signs, and positive axial reflexes.

Table 1 Frequency of major neurological syndromes (disorders) in
servicemen with PTSD and mTBI, n =50

Syndrome Absolute Percent,
amount, n %
Sensitive disorders 12 24.0
Pyramidal insufficiency 14 28.0
Vestibular syndrome 18 36.0
Autonomic disorder syndrome 37 74.0
Liquor dynamic syndrome 27 54.0
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Symptoms of coordination disorders of varying severity
(vestibular syndrome) in most patients were represented by
instability in the Romberg position (without a tendency to
fall), as well as difficulties in performing coordination tests.

The liquor dynamic syndrome manifested itself as
headache, dizziness, weakness, and tinnitus.

The most common symptoms were autonomic disorders.
Autonomic dysfunction most often manifested itself in the
form of color changes (80.0%) and skin temperature
(66.0%), distal or generalized hyperhidrosis (58.0%),
meteorological dependence (44.0%), and fluctuations in
blood pressure (38. 0%).

When examining the state of cerebral blood flow by the
transcranial Doppler sonography, the most frequent changes
were angiospasm and venous outflow obstruction from the
cranial cavity. According to the absolute values of velocity
indicators, a slight decrease in the linear blood flow velocity
(LFV) in the middle cerebral artery and the vertebrobasilar
basin (p<0.05) was revealed. A decrease in the rate of blood
flow in the cerebral vessels may reflect the depletion of
compensatory-adaptive reactions aimed at maintaining
adequate brain perfusion. It should also be noted that a
decrease in the functional activity of the brain, which is
typical for patients with atrophic processes of the brain, also
usually more pronounced after TBI, can also lead to a
decrease in LVF. These disorders could cause a decrease in
cerebral perfusion and, consequently, a violation of its
functional activity, which will be discussed below.

During the EEG, all patients showed a tendency towards
a decrease in the values of the main background rhythm of
the brain — the alpha rhythm (p < 0.05). At the same time,
significant changes in the spontaneous bioelectrical activity
of the brain were found, which were diffuse and were
expressed in an increase in intensity in the delta and theta
rhythm ranges, as well as in a decrease in intensity in the
beta-1 rhythm range in all areas of the brain in both
hemispheres [43].

Thus, in patients with PTSD complicated by mTBI, at the
stage of early rehabilitation, there is a combination of
neurophysiological, psychovegetative, emotional, and
personality disorders, accompanied by changes in cerebral
hemodynamics and electrical activity of the brain.
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As a result of the restorative treatment, positive dynamics
of subjective and objective symptoms of the disease were
observed in both groups. However, significant changes were
registered only in patients who received HTT, in contrast to
the control group.

HTT led to the correction of several pyramidal symptoms:
the asymmetry of muscle tone and tendon reflexes in the
upper and lower extremities decreased (p < 0.05). The
number of patients with manifestations of the vestibular
ataxic syndrome also decreased: instability in the Romberg
position (p < 0.05) and impaired functional tests — heel—
knee and finger—nose tests (p < 0.05).

Under the influence of the therapy, patients of both groups
1 and 2 showed positive changes in indicators on the WAM
scale (Table 2). However, in patients of group 1, significant
improvements were recorded only in terms of well-being and
mood, while in group 2, all three indicators significantly
improved. The level of WAM indicators after treatment in
patients of group 2 was significantly higher than in patients
of group 1, which indicates a significant improvement in
self-esteem of the functional state. These results are
consistent with the data of other authors on the positive
effect of HTT on the functional state of patients [44].

After the treatment received, the patients of both groups
experienced possible positive changes in the indicators of the
anxiety and depression scales HRDS and HARS, namely, a
decrease in the manifestations of anxiety—depressive
syndrome (Table 3).

Noteworthy is the fact that treatment with HTT affects the
symptomatology of anxiety to the greatest extent. If after
treatment on the depression scale there are no significant
differences between the values in groups 1 and 2, then on the
scale of anxiety in patients of group 2, there was a more
significant improvement (p < 0.001).

Positive changes in patients were observed after the
appointment of high-tone therapy in terms of cerebral
hemodynamic parameters. They were characterized by an
increase in the velocity parameters of blood flow and a
decrease in peripheral resistance in individual vessels of the
carotid and vertebrobasilar basins (Table 4).

As can be seen from Table 4, the tendency to improve
cerebral circulation is observed in patients of both groups.

Table 2 Dynamics of WAM
indicators, M + m

Indicator 1st group

n=25

2nd group P
n=25

Before treatment

After treatment  Before treatment ~ After treatment

Well-being, points  15.16 + 1.52
Activity, points 2257 +1.72
Mood, points 16.71+1.38

3523 £2.16*** 15.78 +1.46 46.30 + 3.21*** <0.01

26.88 +2.75 22.35+1.52 46.96 + 3.42%** <
0.001

39.17 £2.66*** 16.97+1.73 53.25 £3.36*** <
0.001

*, reliability of difference (p < 0.001) values before and after treatment
P, reliability of difference value reliability of differences in values between groups after treatment
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Table 3 Dynamics of HRDS and

Indicat 1st 2nd P
HARS scales under the influence ndicator S_grouP n_ Erotp
n=25 n=25
of treatment, M + m
Before treatment ~ After treatment  Before treatment  After treatment
HRDS, points 15.65+1.18 9.86 + 1.44* 15.12 +1.22 6.94 + 1.09** >0.05
HARS, points ~ 19.87 +2.38 11.87 +£1.26% 18.94 +£1.38 6.83 + 1.25** <0.001

*, reliability of difference (*, p < 0.05; **, p < 0.01) values before and after treatment

P, reliability of difference value reliability of differences in values between groups after treatment
Table 4 Indicators of blood flow in intracranial vessels under the influence of treatment, (M + m)

Indicators 1stgroup n =25

Before treatment

After treatment

2nd
group n
=25

Before treatment

After treatment

Middle cerebral
arteries
Systolic velocity,
cm/s
Left side
Right side
Pulsation index, c.u
Left side
Right side
Anterior cerebral
arteries
Systolic velocity,
cm/s
Left side
Right side
Pulsation index, c.u
Left side
Right side
Posterior cerebral
arteries Systolic
velocity, cm/s
Left side
Right side
Pulsation index, c.u
Left side 0.85+0.01
Right side 0.80 +0.02
Vertebral arteries (V4 segment)
Systolic velocity, cm/s

87.73+2.14 8550 £ 2.16

0.94 £0.02
0.92 £0.01

75.46 +1.20
76.50+1.21

0.88 £0.03
0.86 +0.02

69.38 +1.32
71.46 +1.33

Left side 44.26 +1.23 Right side 45.30 +
1.20
Pulsation index, c.u
Left side
Right side 0.95+0.02 0.93 + 0.03

Basilar artery
Systolic velocity,
cm/s Systolic velocity, cm/s
Pulsation index, c.uPulsation index, c.u

Sinus rectus
Systolic velocity,

cm/s Systolic velocity, cm/s
Sinus rectus Sinus rectus

90.26 +1.25
88.23 +1.27

0.90 £0.01
0.88 £0.01

75.76 +1.29
75.29+1.42

0.86 +£0.01
0.84 +£0.01

71.36 +1.43
7228 +1.22

0.84 +0.01
0.77 £0.02

48.22 +1.26*
4734 +1.35

092+
0.010.90
+0.01

86.72+2.11
83.53+2.20

0.92 £0.02
0.88 +£0.03

7350+1.21
75.32+1.33

0.87 £0.01
0.86 £0.01

64.82 +1.34
69.32 +1.31

0.89+0.03

0.79 £0.04

45.30+1.20

45.82 + 1.47*

0.93+0.01
0.89 +0.01*

Systolic velocity, cm/s  Systolic velocity, cm/s

Pulsation index, c.u

Pulsation index, c.u

Systolic velocity, cm/s  Systolic velocity, cm/s

Sinus rectus

Sinus rectus

94.43 +1.23*
96.20 + 1.26*

0.90 £0.01
0.80 £0.01*

7482 +1.31
76.36 +1.44

0.85+0.02
0.84 £0.03

66.42 + 1.45
72.55 + 1.26*

0.84 £0.01
0.69 +£0.01*

47.34+£1.35
53.69 +1.57*

090+
0.01*0.85
+0.01*

Systolic velocity,
cm/s

Pulsation index,
c.u

Systolic velocity,
cm/s
Sinus rectus
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*, reliability of difference (p < 0.05) values before and after treatment

However, in patients of group 1, statistically significant index (p < 0.05). At the same time, in patients of group 2, changes
occurred only in two indicators: blood flow veloc- significant changes were observed in almost all the studity in the vertebral
artery and the basilar artery pulsation ied areas of hemodynamics, except for the anterior cerebral
arteries. Thus, arterial blood flow velocity in the middle
cerebral arteries and vertebral arteries (intracranial section)
increased. In the carotid and vertebrobasilar basin vessels,
peripheral resistance was decreased according to the
pulsation index and the leveling of signs of venous
discirculation due to an improvement in venous outflow
along the rectus sinus (p < 0.05). Attention is drawn to the
fact that the most significant changes occurred in the
hemodynamics of the right side of the brain. It can be
assumed that this is due to the anatomical features of the
placement of electrodes during the procedure.
When analyzing the dynamics of EEG indicators, the
following results were obtained. The combined brain
damage — organic and functional — led to a significant
change in the background electrical activity. Against the
background of a decrease in the alpha rhythm in all studied
areas of the brain and theta and delta rhythms, the rhythms
of decreased activity were recorded. These rhythms are an
indicator of the slowness of the work of the cerebral cortex
and the dominance of the activity of the subcortical and
brainstem structures. The primary indicator of rehabilitation
success is the displacement of these rhythms and their
replacement with the alpha rhythm [45].
As follows from Tables 5 and 6, as a result of treatment
in patients of both groups, there is a decrease in the delta
rhythm and theta rhythm activity. However, the reliability of
these changes is observed only in patients of group 2.
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Delta rhythm activity significantly decreases in the frontal
and occipital areas, and this decrease is recorded in both
cerebral hemispheres (p < 0.05).

Table 5 Dynamics of indicators

of brain bioelectrical activity (LV)
in the delta rhythm range

under the influence of treatment (M
+m)

Table 6 Dynamics of indicators

of brain bioelectrical activity (uV)
in the theta rhythm range

under the influence of treatment (M
+m)

*, reliability of difference (*, p < hemisphere

0.05; **, p < 0.01) values before and
after treatment

Brain area Istgroup n =25 2nd
group n
=25
Before treatment
After Before treatment  After
treatment treatment
Frontal area 0.60 =
Left hemisphere 0.05*
Right hemisphere 061+
Central area 0.05*
. 0.72 £0.10 0.65+0.08 0.73+0.06
Left hemisphere 5 734 0,09 0.70£0.07  0.70 +0.09 0.70 0,09
Right hemisphere 0.68 ; 0.08
Temporal area 0.72+0.11 0704009 0.730.10
Left hemisphere ¢ 74 4 0.11 069009 0.71+0.10 050 £0.05
Right hemisphere 057 5 0,05
Occipital area 0.670.08 062006 0.63+0.08
Left hemisphere 4 5 + 0,08 0.63+0.08  0.62+0.07 070 +
Right hemisphere ot
0.04*
0.77 £0.07 0.76 £0.05 0.79+0.05 0.72 +
0.86 + 0.07 0.82+0.05 0.86+0.06 0.05*
*, reliability of(p < 0.05) values befor 2 and after
difference treatment
Brain area 1stgroup n =25 2nd
group n
=25
Before treatment
After Before treatment  After
treatment treatment
Frontal area
Left hemisphere 0.63
0.75 £ 0.04 0.72+0.03 0.74+0.03 0.03**
Right hemisphere 0.73 + 0.06 0.72+0.05 0.72+0.06 0.58 +
0.05*
Central area
Left
hemisphere 1.09 +0.09 0.98+0.09 1.05+0.09 0.96 +0.09
Right hemisphere 0.92 +0.08 0.90+0.08 0.95+0.11 0.93+0.08
Temporal area
Left 0.61+
0.75 £ 0.07 0.71+0.06 0.74+0.06 0.05*
Right hemisphere 0.70 = 0.09 0.68 £0.07 0.70+0.06 0.59 =
0.05*
Occipital area
Left 0.59 +
hemisphere 0.70 £ 0.09 0.68 £0.07 0.70+0.06 0.05*
Right hemisphere 0.85 + 0.02 0.80 £0.03 0.85+0.02 0.78 £
0.03*
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A similar situation is observed with the theta rhythm. A
significant decrease in its activity also occurs in both
cerebral hemispheres. However, unlike the delta rhythm, the
decrease in the activity of the theta rhythm occurs not only
in the frontal and occipital zones but also in the temporal
zone, which confirms the positive dynamics of the
rehabilitation process [46, 47].

From Table 7, it follows that before treatment, the beta-1
rhythm was noted not only in the frontal regions but also in
the temporal, parietal, and occipital regions, which indicates
a state of persistent psycho-emotional tension and diffuse
cerebral disorders against the background of suppression of
the main cortical rhythm of rest.

Under the influence of the treatment, a statistically
significant decrease in the index and power of the beta-1
rhythm (as an indicator of stress) was observed. In patients
of group 1, changes in the power of the beta-1 rhythm were
statistically insignificant. In patients of group 2, the
reduction in the power of the beta-1 rhythm was statistically
significant in all studied areas of the brain (the only
exception was the frontal area of the right hemisphere).

When considering the effect of high-tone therapy on the
structure of the bioelectrical activity of the brain, special
attention was paid to the dynamics of the alpha rhythm, the
main background EEG rhythm [48] (Table 8).
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We see that in patients of group 1, changes in the alpha
rhythm activity were not only statistically insignificant but
also multidirectional. At the same time, in patients of group
2, a significant increase in the activity of the alpha rhythm is
observed in almost all zones of both hemispheres of the

Table 7 Dynamics of indicators Brain area Istgroup n = 25 2nd
of brain bioelectrical activity (LV) group n
in the beta-1 rhythm range =925
under the influence of treatment (M Before treatment After Bofore reatment After
+m)
treatment treatment
Frontal area
Left hemisphere 119 *
1.30+0.04 1.26+0.03 1.37+0.04 0.05***
Right hemisphere 1.23+0.04 1.21+0.02 1.28+0.04 1.26 £ 0.02
Central area
Left 184+
hemisphere 1.85+0.05 1.80+0.04 1.95+0.05 0.04*
Right hemisphere 1.78 + 0.04 1.73+0.02 1.80+0.04 170 +
0.03*
Temporal area
Left 1.12 +
hemisphere 1.45+0.04 141+£0.03 1.47+0.04 0.02***
Right hemisphere 1.50 + 0.04 146 £0.02 1.46+0.05 1.19 *
0.05***
* reliability of difference (*, p <Occipital area
0.05; **,p <0.01; ***, p<0.001) Left 224+
values before and after treatment hemisphere 2.38 £0.04 2.32+£0.02 2.39+£0.05 0.06*
Right hemisphere 2.37 +0.06 2.28+0.05 2.40+0.06 225+
0.005*
Table 8 Dynamics of indicators of  Bain area 1stgroup n =25 2nd
brain bioelectrical activity (Hz) in group n
the alpha fhythm range fore treatment =25
under the influence of treatment (M + Before treatmen After Before treatment After
m)
treatment treatment
Frontal area
Lefthemisphere 4 g3+ 0,06 9.85+007 9.85+0.06 9.89 +0.07
Right hemisphere 9.93 +0.07 9.97£0.08 9.91+0.06 9.99 +0.08
Central area
Left
hemisphere 9.85 +0.07 9.86 £0.05 9.86+0.05 9.95 + 0.04*
Right hemisphere 9.93 +0.06 9.94+0.05 9.91+0.04 9.99 + 0.04*
Temporal area
Left 10.07 +
hemisphere 9.95 +0.04 9.96 £0.05 9.95+0.05 0.06*
Right hemisphere 10.12 + 0.06 10.16 £0.04 10.11+0.03 1019+
0.04*
Occipital area
*, reliability of difference (*, p< Left 9.99
0.05; **, p < 0.01; ***, p < 0.001) hemisphere 9.60 +0.05 9.63+0.04 9.68+0.06 0.07***
values before and after treatment ~ Right hemisphere 9.90 + 0.05 9.94+0.04 9.89+0.05 10.18 +
0.06***
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brain. The most significant increase in the activity of the
alpha rhythm was recorded in the parieto-occipital regions.
The only zone where there was no significant increase in the
activity of the alpha rhythm is the frontal zone, in which the
competitive influence of the beta-1 rhythm continues.

Thus, in patients of group 2, under the influence of the
treatment, there was a statistically significant decrease in the
index and power of the beta-1 rhythm (as an indicator of
stress), a decrease in the index and power of intensity of slow
delta and theta rhythms; and an increase in the index and
power of the alpha rhythm, as an indicator of the
normalization of the function of thalamic structures and
cortex, as well as thalamocortical relationships [49, 50].

The present study has some limitations. The first is the
small sample size; larger studies will allow to clarify the
reliability of the results. The second limitation is the age of
the examined patients (29.43 + 5.86). Further research on the
use of HTT in other age groups may reveal relevant features.
And, finally, the HTT exposure protocol used by us is a
limiting factor; it is possible that a change in the
methodology will lead to different results, which will allow
us to recommend its individualization depending on the
initial state and the dynamics of rehabilitation.

Conclusions

Medical rehabilitation of patients with PTSD and the
consequences of traumatic brain injury at the sanatorium-
resort stage using high-tone therapy contributes to a
significant decrease in asthenic neurotic (p < 0.05) and
asthenic depressive (p < 0.01) syndromes and has a psycho-
relaxing effect in anxiety syndrome (p < 0.01). The use of
high-tone therapy in the complex of treatment helps to
reduce the severity of pyramidal symptoms and regression
of the vestibular ataxic syndrome (p < 0.05). The course
application of high-tone therapy was accompanied by the
restoration of the elastic—tonic properties of the vascular
wall and the improvement of cerebral perfusion (p < 0.05).
Under the influence of high-tone therapy, there is a positive
dynamics of electrophysiological parameters in patients with
PTSD and the consequences of mTBI, namely,
harmonization of the bioelectrical activity of the brain in the
form of a decrease in the level of intensity of slow rhythms
against the background of an increase in the frequency and
intensity of the alpha rhythm in both hemispheres (p <0.05).
Thus, the technique of high-tone therapy can be
recommended in the complex rehabilitation of these patients
at the sanatorium stage.
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