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COMPREHENSIVE REHABILITATION PROGRAM
FOR PERSONS WITH POST-CONCUSSION SYNDROME

Abstract. The use of high-energy weapons, such as artillery, leads to an increase in the number of brain injuries. The escalation of
the Russian-Ukrainian war, outbroken in February 2022, contributed to the fact that 80 % of military personnel who have been in the
war zones suffered concussions. Diagnosing this pathology is challenging. This condition is quite dangerous, even though the clinical
manifestations may be vague at the initial stage. As a result, this can lead to a stroke with a full spectrum of clinical symptoms. Every
third concussion sufferer experiences long-term effects in the form of heaviness in the head, throbbing headache, sleep disturbance,
cognitive impairment, “‘cogwheel” sign, sensorineural hearing loss, optic nerve atrophy, and dental problems. Also, concussion often
features mental disorders, making it harder to provide care and rehabilitation. The implications of a severe concussion include rapid
fatigue that persists for a long time, poor health, and increased irritability.

The purpose of the study is to develop a comprehensive rehabilitation program that will help prevent irreversible damage to the central
nervous system and the fastest possible recovery for persons with concussions received during the performance of combat missions.

Materials and method. The resulting rehabilitation program is based on two tasks: the selection of effective rehabilitation
methods for persons with post-concussion syndrome (modulated electric current (MEC), rational psychotherapy, kinesiotherapy,
and therapeutic massage); the selection of reliable, validated tools for assessing effectiveness (VAS pain assessment), mental state
was assessed according to the Spielberger s State-Trait Anxiety Inventory (STAI) and the Pallium Index (IMP). Signs of intracranial
hypertension were evaluated using the clinical and cerebral cortex index (CCI) analysis methods.

Outcomes and discussion. The obtained outcomes showed the effectiveness of the rehabilitation program: the results under the VAS
pain assessment method for the main group have improved by 23.84 %, the ones of the control group — by 14.23 %, the mental state,
assessed by the Spielberger anxiety scale (STAI), has improved by 42.85 % for the experimental group, and by 8.67 % for the control
group, and the cerebral cortex index of the main group has improved by 35.16 %, and the one of the control group — by 22.58 % which
certainly indicates the positive impact of the applied methods.
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Conclusions. Application of the apparatus allows for significant reduction or total elimination of painful myofascial syndrome.
Also, the application of MEC contributed to the restoration of physical capabilities and the increase in tolerance to physical exertion.
Based on the obtained data, the effectiveness of the developed complex rehabilitation program for persons with post-concussion
syndrome has been proven.

Also, MEC therapy helps increase tolerance to physical stress due to increased oxygenation of tissues. The study has confirmed
the hypothesis regarding the effectiveness of the comprehensive rehabilitation program for persons with post-concussion syndrome.

Key words: rehabilitation, rehabilitation program, kinesiotherapy, therapeutic massage, concussion, technical means of
rehabilitation, quality of life.
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KOMIIJIEKCHA PEABLIITAIIIMHA IMTPOTPAMA BIJJHOBJIEHHSA OCIB 13 KOHTY3IE€IO

Axmyansnicms. 3acmocysanhs 8uUCoKoenep2emuyHoi 30poi, nepesasicHo apmuaepiticbkoi, npu3800ums 00 30i1bUleHHs KilbKocmi
Mpaem 20106H020 MO3KY, WO € OCHOSHUM Hacriokom. Eckanayis pociiicoko-ykpaincovkoi ilinu, axa posnoyanacsa 6 niomomy 2022 poky,
cnpusina momy, wo 80 % eiticokosocnyxcbosyis, siki Oyau 6 30ui 6ouosux Oitl, ompumanu Kowmysii. /liaenocmyeanns yiei namonoeii
€ 0yoice CKaoHum 3a80anusm. Lleii cman € docums Hebe3neuHuM, Ha8imv AKWO HA NOYAMKOSIL CAdii KITHIYHI NPOsA6U MOXCYmb Oymu
HesupasHumu. Y KiHyegomy niocymMKy ye modice npuzeecmiu 00 po3gumKy iHCYIbmie 3 yCiM CHeKmpom KAiHIUHUX nposeis. Y mpemunu
0cib, wo 3a3HanNU KOHMY3ii, CHOCMEpiealombCsi 8i00ANeHi HACTIOKU Y 8U2IS0L 6ANCKOCE 6 207106I, 20JI0BHO20 OONIO PONUPATLHOZO
Xapaxkmepy, nOpyuieHHsl CHY, NOPYUeH s KOZHIMUBHUX (YHKYIN, «3y64acmoeo Koaecay, po3sumky CeHCOPHOL RPUSyXy8amocmi, ampo-
@ii 30posozo nepea ma npobrem cmomamonoziunozo xapaxmepy. Taxodic 8adcIUGUM ACNEKMOM € HAABHICMb NCUXIYHUX PO31A0i6 AK
Xapaxmephoi pucu KOHmy3ii, o CMaHoseIsMb Ceplo3Hy nPoodeMy nio Yac Ha0aHHs donomoau ma peabinimayii. Hacniokamu msickoi
KOHMY3Ii € WBUOKA 8MOMAIAHICIIb, WO 00820 30epicdembCsl, No2ane camonouymms, nioguieHa Opamienugicms.

Memoro docnidrncennn ¢ po3pobra KOMNIEKCHOI peabinimayitinoi npoepamu, AKa cnpusmume 3ano0icaHHo He3860POMHIM Nopy-
WEHHAM YeHMPATbHOL HepEosol cucmemMu ma MAaKCUMAIbHO WEUOKOMY GIOHOGIEHHIO 01 0CIO i3 KOHMY3I€, OMPUMAHOK Ni0 uac
BUKOHAHHSL OOLI0BUX 3080AHb.

Mamepianu ma memoou. Cmeopena peabinimayitina npocpama 6a3yeanacs Ha 6UKOHAHHI 080X 3a60aHb. NIOOIp ehexmusHux
Memooig peabinimayii 0ns oci6 i3 konmysismu (Mooynvosanuil enekmpuunutl cmpym (MEC), payionanvha ncuxomepanis, KiHe3io-
mepanis ma AiKy8anbHUL Macasxc) i niodip 00CmosipHUX, 8aNi0U306aHUX 3a4C00i6 OYiHKU edhekmueHocmi (oyinroeanus obonto 3a BALL
(VAS). Ilcuxiunuii cman oyiniogasca 3a wikanoro mpusodcnocmi Cninbepeepa (STAIL). O3unaxu enympiwnvouepennoi 2inepmensii oyi-
HIOBANUCS KIITHIYHO Ma MemoOOM aHalizy IHOeKcy Mo3kosoeo niawa (IMII).
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Pe3ynomamu ma o06z06openns. Ompumani pe3yibmamu noKazanu e@ekmugricmv pospobrenoi peabinimayiiinoi npozpamu:

3 0 ] 6oxto0 BALLI (VAS, i 23,84 % i —na 14,23 %;
pe3yibmamu 3a MemoooM OYinoeanHs 60110 0CHOBHOI epynu nokpawunucs na 23, 0, KOHmMpPOnbHOI 2pynu — Ha 14, 0,
neuxivHutl cmaw 3a wikanoro mpugoxcnocmi Cninbepeepa (STAI) ons ocnosHoi epynu noxkpawuecs na 42,85 %, 013 konmponvHoi — Ha
8,67 %. Inoexc mosxosozo naawa (IMII) ocnosnoi epynu noxkpawuscs na 35,16 %, koumpononoi — na 22,58 %, wjo, be3ymosHo, cgio-

uumoe npo NO3UMUBHULL BNIUS 3ACMOCOBAHOT MEMOOUKL.

Bucnoexu. 3acmocysanns anapamy oac 3mo2y Cymmeso 3meHwumu i ycyHymu 60onvo6utl miogpacyianvhuil cunopom. Taxoorc
sacmocyeannss MEC cnpusino eionosnennio ghizuunux modcaugocmetl i ni0guUueHHIo moaepaHmuocmi 0o Qizuunux nasanmaoicens. Ha
niocmasi OmpuUMAanux 0anux 008e0eHo epekmusHicmy po3pooreHoi KoMIIeKCHOI peabinimayiliinoi npoepamu O 8iOHO8NIEHHA 0Cib i3

HacioKamu KOHmy3iti.

Knrouogi cnosa: Qisuuna mepanis, peabinimayiiina npoepama, Kineziomepanis, KOHmy3is, mexuiuni 3acobu peabinimayii, axicme

ACUMMAL.

Introduction. The war, which began in 2014,
takes many lives. The humanitarian catastrophe in our
country affects, foremost, the best, patriotic, motivated
representatives of the Ukrainian community. The soldiers
who have managed to survive have many health issues.
One would think that relatively healthy combatants
face the problem of adaptation in modern society.
They have both physical and mental issues. Disorders
associated with concussions (acoustic brain injury) are
often observed in visually intact people (Badiuk, 2007;
Gaida, Badyuk, Sushko, 2018; Loskutov, Kondrashov,
Naumenko, Gulaj, 2003). Relatively young people have
signs of aggression, irritability, sleep disorder, avoiding
social obligations, conflicts with family or an excessive
need to be with their family, reduced work capacity,
anxiety, alcohol abuse, drug addiction, and crime.
According to statistics, the divorce rate among military
men is 75 %. The family is not always able to accept
the person changed by the war (Pronoza-Stebliuk, 2019;
Women’s and Men’s Health Physiotherapy, 2019).

Timely qualified help avoids many problems,
promotes adequate adaptation, allows socializing,
supports mental and physical health, and helps to find
a place in society and preserve family ties (Krylyuk,
Guryev, Gudyma, 2017; Mysula et al., 2005).

Traumatic injuries of the skull and brain account
for 30—40 % of all injuries and rank first in terms of
mortality and disability among people of active working
age (Denysiuk et al., 2022; Pronoza-Stebliuk, 2019;
Ramona et al., 2021; Stoyanov et al., 2022).

Of course, this ratio changes significantly during
military operations. At the beginning of the study, it was
assumed that due to the effect of modulated electrical
current (MEC) on certain zones, it is possible to
eliminate pathological conditioned reflex connections,
eliminate muscle spasm, improve hemodynamics,
reduce intracranial pressure, and, as a result, improve
cerebral blood circulation, and oxygen supply in vital
centers.

Against the backdrop of the therapy, the oxygen
saturation of the brain structures improved, which became
the basis for the effective use of rational psychotherapy.

®diroTtepanis. Yaconuc

The technique we developed made it possible to
positively affect the human psyche. During the study, we
used rational psychotherapy — a psychotherapy method
based on the explanation and logical conviction of the
patient. Under conditions of brain structures’ active
oxygen supply, the mechanism of oxygen euphoria is
activated, and a person is able to respond more adequately
to the measures of rational therapy, which contributes to
the formation of positive thinking. Against the therapy
background, a quality rapport between the physical
therapist and the patient is established. We applied the
method of displacing the negative through positive
memories and impressions. The war will not go away
from the patient’s mind, but with our recovery method, a
positive dominant is formed in real time.

Active communication with the patient took place
during the procedure. Taking into account the patient’s
psychotype, social status, habits, and wishes, the
procedures gradually led the patient out of the acquired
negative experience, forming positive narratives of
modern life. In this way, a person was brought back to
reality, which, in turn, contributed to the socialization of
persons traumatized by the war. The formation of both
short-term and long-term tasks took place. Apathy and
depression were replaced by psychological attitudes that
motivate and contribute to a full recovery, the return of
working capacity, and the desire to live and be a useful
member of society (Moskalenko, Bulax, Puzanova,
2014; Muxin, 2015). Therefore, considering the above
material, we believe that the topic is extremely relevant.

The purpose of the study is to develop a
comprehensive rehabilitation program that will help
prevent irreversible damage to the central nervous
system and the fastest possible recovery for persons with
concussions received during the performance of combat
missions.

Materials and method. The resulting rehabilitation
program was based on two tasks:

1. The selection of effective rehabilitation methods
for persons with post-concussion syndrome.

2. The selection of reliable, validated tools for assessing
the effectiveness of the developed rehabilitation program.
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The first component of our program was the
application of MEC using a physiotherapeutic device. Its
action, firstly, consisted in the elimination of conditioned-
reflex connections, improvement of microcirculation,
and elimination of muscle spasm, which contributed
to adequate lymphatic drainage and indirectly reduced
intracranial pressure or brought it to a normal level. The
result of the therapy was the elimination or reduction of
the pain syndrome. The grounds for using this device
were its proven effectiveness, domestic design certified
in Ukraine, which has been tested in many clinics in our
country (Kharkiv, Kyiv, Mykolaiv, Kherson, Berdyansk).
A scientific study on the use of neuroadaptive therapy
was conducted at the Zaporizhzhia Medical Academy of
Postgraduate Education. In traumatology, neuroadaptive
therapy was used in the 9th Zaporizhzhia City Hospital.
There, the main methods of applying physiotherapy for
the injuries sequela treatment were developed.

When working with the device, a local reaction
occurs, and the flow of impulses is transmitted by somatic
and autonomic afferent pathways to the segments of the
spinal cord and to the higher divisions of the central
nervous system. The device application allows you to
reduce the dose of analgesics.

When working with the device, there is no direct
harmful effect on the skin, toxicity, or allergic
reactions, which gives grounds for its long-term use

Fig. 1. “Three tracks, six points” method
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to reduce pain and swelling of any origin (injuries,
diseases, inflammation), and reliably reduce symptoms
of anxiety.

The MEC application was carried out according to
the “three tracks, six points” method, reflexes, zones, on
the affected body parts for 20—30 min. with an operating
frequency of 77 Hz. (Fig. 1).

Working according to the “three tracks, six points”
system contributed to eliminating conditional-reflex
connections and indirectly influenced the decrease of
intracranial pressure.

The program’s second component is rational
psychotherapy — a method based on explanations and
logical persuasion of the patient. It was used situationally,
according to the patient’s needs.

The complex included kinesiotherapy and therapeutic
massage.

Kinesiotherapy, i.e. movement therapy, is a method
of physical therapy that uses movement to improve
body functions, particularly the musculoskeletal system.
Kinesiotherapy improves the function of muscles
and joints, strengthens the body, and relieves pain
(Moskalenko, Bulax, Puzanova, 2014; Pashko et al.,
2019). In our rehabilitation program, we relied on the
medical history and applied an individualized approach
that took into account the patient’s specific needs, and
his mental and physical state at the time of examination
and treatment. Against the background of eliminating
conditional-reflex connections, to achieve the most
positive result, we used kinesio tapes, various balls,
resistance bands, and other equipment to provide support
during exercises and movements (Popadyuxa, 2018).

Therapeutic massage is a method of physical therapy
that we applied to improve the function of muscles and
tissues, reduce pain, and improve blood circulation
(Grynkiv, Kuceryb, Kras, Mayevska, Muzyka, 2019;
Kuceryb, Muzyka, 2019). The main features of
therapeutic massage in our rehabilitation program:

1. An individual approach, which takes into account
individual needs and the patient’s condition.

2. Targeted work with specific problem areas or
affected body parts to improve their condition.

3. Using special techniques to improve blood
circulation, reduce pain, and achieve certain therapeutic
goals: hatching, rubbing, light pressure, vibration, etc.
This contributed to faster tissue recovery and reduced
inflammation.

Visual Analog Scale for Pain (VAS) pain assessment is
a commonly used tool for measuring and evaluating pain
intensity. This scale allows the patient to determine the
degree of his pain by indicating on the line a percentage
display of its intensity from “no pain” to “the greatest pain

Ne 4, 2023




possible”) (Golky, Buryanova, Klymovyczkogo, 2013;
Moskalenko, Bulax, Puzanova, 2014; Muxin, 2015).

Following the rules allows for obtaining orpumaru
more accurate and reliable outcomes for pain intensity
assessment:

1. Definition. The patient should understand that the
scale shows a range from “no pain” to “the greatest pain
possible”. The patient should be instructed that they
should choose the point on the scale that best represents
their feeling of pain.

2. Instruction. Give the patient clear instructions so
they understand how to use the VAS scale correctly. For
example, ask them to mark an “X” on the scale according
to their pain level.

3. Thoughtfulness Your patient should carefully
consider the choice and mark the point on the scale that
best reflects the feeling. Note that there is no “right” or
“wrong” answer.

4. Polling. Ask the patient which point on the scale they
chose and offer them to explain their choice if necessary.

5. Marking. After the patient has selected a point on
the ruler, measure the distance from the “no pain” point
to the point marked. It will be helpful to convert the
subjective feeling of pain into a numerical value.

6. Recording. Record the measured distance or a
numerical value corresponding to the pain intensity. It
can be helpful for further monitoring and comparison
purposes.

Following these rules will help ensure accurate
and reliable outcomes when using the VAS scale
(Moskalenko, Bulax, Puzanova, 2014; Muxin, 2015).

Mental status assessment was held using Spielberger’s
State-Trait Anxiety Inventory (STAI). It is a psychological
tool for measuring the level of anxiety in a person. American
psychologist Charles Spielberger has developed it, and it is
commonly accepted in clinical practice and research for the
assessment of anxiety symptoms.

STAI consists of two parts:

1. «T» (Trait Anxiety) scale: this part measures long-
term, consistent anxiety, which is typical for the person.
It considers how prone a person to a feeling of anxiety in
general is.

2. “S” (State Anxiety) scale: this part assesses
temporary anxiety state, that can arise in a particular
situation or the course of some events. It describes
anxiety observed at the moment or in a certain moment.

Each part includes individual questions, answering
which the respondent assesses their feelings using a
“barely ever” to “often” scale.

The Spielberger’s Anxiety Scale is a reliable tool
for assessing anxiety and allows specialists to obtain
objective data on the psychological state of patients. It

®diroTtepanis. Yaconuc
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helps to detect anxiety, assess the level and dynamics
of its manifestation, and develop an individualized
treatment or support plan.

The total final score for each of the subscales can
range from 20 to 80 points. The higher the final score,
the higher the level of anxiety (situational or personal).

The electroencephalography and neuropsychological
research methods are crucial for differential diagnosis,
and that’s why we used them in the study.

Today, echoencephalography is the only method that can
diagnose and confirm the presence of intracranial hyper-
tension with a high degree of probability. Further, clinical
signs and tests of the patient’s mental state are to be consi-
dered. Standard research methods, such as Dopplerography
and MRI, are not informative enough. Neurotransmitter
connections are disturbed due to concussion, so routine
methods cannot help in measuring them.

Intracranial hypertension and its dynamics are
evaluated using the Pallium Index. This Index is
considered as an indicator hydrocephalus of the lateral
ventricles.

The Pallium Index reference values (indicators of
intracranial hypertension): the upper normal limit is
2.2; slightly expressed — 2.3; moderately expressed —
2.4; moderately expressed with a tendency — 2.5;
2.6 and 2.7 — expressed; 2.8 — expressed with a tendency
to acute; 2.9-3.2 — acutely expressed.

Electrical potentials of the brain were studied
using electroencephalography (EEG) based on an
electroencephalographic  diagnostic system (echo-
encephalographic unit “ANGIODIN-ECHO/U”), which
allows for assessment of the width of the third ventricle
and the location of the lateral walls of the temporal horns
of the lateral ventricles.

Study outcomes and discussion of them. The study
population: 30 wounded persons (main group), aged
19 to 39 years (average age 29.53 + 1.08 years). As a
control group, 20 people (average age 29.1 £+ 1.4 years)
with identical injuries were assessed.

The selection criteria were determined based on
modern classification — according to clinical forms of
concussion. A mild concussion and concussion were
investigated. The presence of pain syndrome, heaviness
in the head, and neurological manifestations were
mandatory criteria for the screening of patients. 36.7 %
of the wounded had combined injuries (in addition to
TBI, injuries to two or more organs or parts of the body).

The general outcomes of the study are shown
(Table 1) to 3 (p < 0.005).

The outcomes received using Spielberger’s Srare-
Trait Anxiety Inventory (STAI) underwent comparison
with reference values to assess whether the patient was
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within the normal range or in the zone of increased
anxiety compared to the normal for the selected age
group. After analyzing the obtained data, we observed
more positive dynamics in the main group, where a
comprehensive rehabilitation program was applied,
affecting the reduction of the level of anxiety. One can
also note that the variation rate shows that the groups are
homogeneous both at the beginning (V to 8.71) and at
the end (V to 8.05) of the study.

The use of the VAS method provided a quantitative
assessment of pain, which is crucial for making treatment
decisions and monitoring the effectiveness of pain control
measures. This scale is highly sensitive to changes in
the level of pain. This facilitates obtaining an objective
assessment of pain intensity, facilitating monitoring and
comparison of pain levels at different times (Table 2). Also,
from the coefficient of variation, a conclusion can be made
that the groups are homogeneous both at the beginning
(V up to 7.89) and at the end (V up to 7.16) of the study.

Pallium index is a measure used to assess
hydrocephalus, which is an enlargement of lateral
ventricles of the brain. Hydrocephalus is an excessive

Table 1
Anxiety rate before and after application
of the comprehensive rehabilitation program

Grou Main group (n = 30) Control group (n = 20)
P Beginning | End Beginning | End
Study
X+m | 4241+0.70 | 33.90+0.32 | 41.90+1.22 | 35.78 £0.94
. 0.68 0.39 0.98 0.86
\ 8.53 7.29 8.71 8.05
Table 2

Pain indicator before and after application
of the comprehensive rehabilitation program

Group Main group (n = 30) Control group (n = 20)
Beginning | End Beginning | End
Study
xtm | 700+£0.62 | 400+£0.31 | 7.15£0.61 | 6.53 £0.52
. 0.58 0.43 0.54 0.49
\Y 7.13 6.22 7.89 7.16
Table 3

The pallium index before and after the application
of the comprehensive rehabilitation program

Group Main group (n = 30) Control group (n = 20)
Beginning | End Beginning | End
Study
X+m | 3.10+0.70 | 2.01+0.31 | 3.10+0.91 | 2.40 + 0.81
. 0.93 0.56 0.84 0.77
\% 9.15 7.05 9.23 8.56
. 46
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accumulation of cerebrospinal fluid (CSF) in the brain
ventricles. This condition can increase the volume of
the cerebral cavities and decrease the volume of the
brain. The pallium index is measured by ultrasound of
the brain, namely ultrasound scanning. To determine the
pallium index, special formulas, that take into account the
size of the lateral ventricles of the brain and the width
of the head, are used. An increase in the pallium index
may indicate the presence of hydrocephalus, especially
if the value exceeds the established norms for a certain
age group. Considering the research’s peculiarities, using
this index is essential for a deep understanding of the
positive/negative dynamics of the proposed rehabilitation
program. The obtained figures are shown (Table 3).
Also, based on the coefficient of variation, it was found
out that the groups were homogeneous at the beginning
(V10 9.23) and at the end (V to 8.56) of the study.

Based on the obtained results, we can evaluate
the effectiveness of our proposed comprehensive
rehabilitation program for people with post-concussion
syndrome. The data show statistically significant
positive changes in pain, anxiety, and cerebral mantle
index values in the main group. Considering the
abovementioned, we conclude that the developed
comprehensive rehabilitation program is viable and can
be used in further practice.

Conclusions. The study confirms our hypothesis
regarding the effectiveness of the developed
comprehensive rehabilitation program for persons
with post-concussion syndrome.

Using MEC for the rehabilitation of veterans
suffering from intracranial hypertension caused
by concussion allows for decreasing intracranial
hypertension, normalizing the autonomic nervous
system, reducing the level of anxiety, and normalizing
the sleep pattern.

The device allows for significantly reducing
or eliminating painful myofascial syndrome and
increasing the level of tissue oxygenation, which
contributes to increasing tolerance to physical stress.

The application of MEC allows for increasing
tolerance to physical stress.

It has been proven that the developed
comprehensive rehabilitation program for patients
in a state of anxiety and depression contributes to
the improvement of sleep, the emergence of a stable
positive motivation for life, and short-term and
long-term goals. Taking into account the above, we
conclude that the developed complex rehabilitation
program is fully justified and can be successfully used
in the further practical activities of military recovery
after concussions.
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Perspectives of further research. As the results
of the study confirm the effectiveness of the developed
comprehensive rehabilitation program for improving the
condition of people with post-concussion syndrome, we
believe that the obtained results are the basis for the use
of the comprehensive rehabilitation program in hospitals
and sanatoriums. Using a comprehensive rehabilitation
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program can help reduce recovery time and improve the
quality of life for military personnel. In addition, the
use of the MEC technique can be recommended in field
conditions (sanitary instructor’s first aid kit), because
the device has proven the possibility of obtaining high-
quality results in the shortest possible time. We plan to
devote further research to this topic.
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