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Abstract. Background. Studying the impact of mild traumatic brain injury (TBI) on cognitive functions and critical
thinking is an important task in modern neurology and rehabilitation medicine. The aim of this study is to analyze
the impact of mild TBI on cognitive functions and critical thinking, and to evaluate the possibilities of rehabilitation
to restore these functions. Materials and methods. Clinical, neuropsychological and instrumental methods were
used for assessing the state of cognitive functions in mild TBI. The study involved 36 patients aged 28 to 35 years,
including 20 men (55.56 %) and 16 (44.44 %) women, maintaining gender equality. They had a diagnosis of mild
TBI according to the International Statistical Classification of Diseases and Related Health Problems (10" revision)
under the code S06.9X9, confirmed by medical documents. Results. The study showed that 29 people (80 %) with
mild TBI had memory and attention impairments, which manifested themselves through a decrease in the ability
to remember new information and concentrate. Patients with severe cognitive impairments were found to have
structural changes in the brain on magnetic resonance imaging, such as hippocampal atrophy and enlargement of
the cerebral ventricles. In 15 of 36 patients, these changes correlated with worse results on all neuropsychological
tests (significance level p < 0.01). Conclusions. 1. Cognitive impairment: 29 patients (80 %) with mild TBI
demonstrate significant memory and attention impairment, as evidenced by a 15% decrease on Wechsler Memory
Scale scores compared to the control group (p < 0.05). 2. Slowed information processing: 23 patients (63.8 %) have
a slow speed of information processing, as indicated by a 20% increase in the time to complete tasks of the Trail
Making Test compared to the control group (p < 0.01). 3. Impaired critical thinking: 26 patients (72 %) with mild
TBI demonstrated difficulties in critical thinking and executive functions, as evidenced by an 18% increase in the
number of errors on the Wisconsin Card Sorting Test compared to the control group (p < 0.01). 4. Gender differences:
women have more cognitive impairment than men, including a 12 % lower average score on the Wechsler Memory
Scale (p < 0.05). 5. Age differences: older patients (32—35 years) show more significant cognitive deficits than
younger ones (28—31 years), in particular, the average time to complete the Trail Making Test was 25 % longer in
older individuals (p < 0.01). 6. Neuroimaging findings: 15 of 36 patients had structural brain changes on magnetic
resonance imaging, such as hippocampal atrophy and enlargement of the cerebral ventricles, correlating with worse
results of neuropsychological tests (p < 0.01). 7. Multidisciplinary approach combining cognitive rehabilitation,
physical activity, potential pharmacological treatments, and psychological support offers promising opportunities
Jor restoring cognitive functions and critical thinking abilities in individuals with mild traumatic brain injuries.
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Introduction

Mild traumatic brain injury (TBI) is a common form of
traumatic brain injury that can have a significant impact on
cognitive function and critical thinking. According to the
World Health Organization (WHO), approximately 69 mil-
lion cases of traumatic brain injury are registered worldwide
each year, of which up to 80 % are mild TBI. In European
countries, the incidence of mild TBI is approximately 250—
300 cases per 100,000 population. According to the Ministry
of Health, in Ukraine, the annual incidence of TBI in dif-
ferent regions ranges from 2.3 to 6 cases (on average 4—4.2)
per 1,000 population. Every year, 10—11 thousand citizens
die from TBI in Ukraine, i.e. the mortality rate is 2.4 cases
per 10,000 population (in the USA, 1.8—2.2). However, due
to the war, these figures in Ukraine are rapidly increasing
[1-3].

Mild TBI is frequently overlooked because of its seemin-
gly minor severity, yet its long-term effects can greatly im-
pact the victims’ quality of life. Memory, attention, executive
functions, and critical thinking are often impaired. This can
lead to decreased professional productivity and social adap-
tation, which in turn affects a person’s overall well-being.
Research shows that the effects of mild TBI can persist for
several months or even years after the trauma. Thus, in the
United States, approximately 15—30 % of patients with mild
TBI experience long-term cognitive impairment that affects
their daily life [1].

Similar results have been obtained in studies in Europe,
which demonstrated that mild TBI can lead to significant
impairments in cognitive functions and critical thinking [2,
3]. Australian studies have also confirmed that mild TBI can
cause difficulties in managing emotions and critical thin-
king. In addition, repeated mild TBIs can lead to cumula-
tive effects, which increases the risk of developing chronic
neurodegenerative diseases, such as chronic traumatic en-
cephalopathy [4].

Recent updates to the WHO, the American Congress of
Rehabilitation Medicine (ACRM) criteria and approaches
to diagnosing mild TBI reflect significant advances in under-
standing and treating the problem. The WHO has updated
its guidelines for the management of traumatic brain injury,
including new monitoring and diagnostic methods to help
more accurately identify and treat mild TBI, in 2021. These
guidelines emphasize the importance of early diagnosis and
intervention to help reduce the risk of long-term cognitive
impairment and improve patients’ quality of life. The ACRM
has also published updated criteria for diagnosing mild TBI,
considering new scientific advances and practical conside-
rations. These criteria include the use of modern neuropsy-
chological tests and neuroimaging tools, such as magnetic
resonance imaging (MRI), to assess the extent of brain tissue
damage (ACRM, 2022) [5-7].

Thus, studying the effect of mild TBI on cognitive func-
tions and critical thinking is an important task of modern
neurology and rehabilitation medicine. The development
of effective rehabilitation methods and the introduction of
preventive measures can significantly improve the quality
of life of victims and reduce the risks of long-term negative
consequences.

The purpose of the study. To analyze the impact of
mild TBI on cognitive functions and critical thinking, and
to evaluate the possibilities of rehabilitation to restore these
functions.

Materials and methods

The study used clinical, neuropsychological and instru-
mental methods to assess the state of cognitive functions in
patients with mild TBI. The study involved 36 patients aged
28 to 35 years, 20 men (55.56 %) and 16 women (44.44 %),
maintaining gender equality. They had a diagnosis of mild
TBI according to the International Statistical Classification
of Diseases and Related Health Problems (10" revision) un-
der the code S06.9X9, confirmed by medical documents.
The study included patients who had suffered a mild TBI 6
months ago.

The control group included 36 healthy individuals with-
out a history of mild TBI, who were selected considering age
and gender equality, to ensure comparison with the main
group. Patients with chronic diseases that could affect cog-
nitive functions were excluded. The study was conducted for
3 months at the CE “City Clinical Hospital 3 of Poltava City
Council” in 2024.

Patients’ condition was assessed upon admission to the
hospital and at the end of hospitalization. Clinical methods
included medical examinations and history taking with an
emphasis on the details of the injury and its symptoms. The
purpose was to determine the general health of patients and
identify possible comorbidities that could affect the results
of the study. Instrumental methods included the use of neu-
roimaging technologies, such as MRI, to assess structural
changes in the brain after mild TBI [5].

Neuropsychological methods included the use of stan-
dardized tests, such as the Wechsler Memory Scale to assess
patients’ short-term and long-term memory [8], the Trail
Making Test to determine the speed of cognitive processes
and executive functions [9], and the Wisconsin Card Sor-
ting Test to assess the ability to plan, organize, and flexibly
think [10].

The data obtained from the testing were processed using
statistical methods like analysis of variance to compare ave-
rages between groups and regression analysis to determine
relationships between variables. The t-test and chi-squared
test were used to compare the results between the study and
control groups. Student’s t-test was used to evaluate the ave-
rages between two independent groups. It determines if there
are statistically significant differences between the average
values of cognitive indicators in patients with mild TBI and
healthy individuals from the control group. T-tests were ap-
plied for each individual neuropsychological test (Wechsler
Memory Scale, Trail Making Test, Wisconsin Card Sorting
Test) to assess the significance of differences in results bet-
ween the groups.

The chi-squared test was used to assess associations bet-
ween categorical variables, such as the presence or absence
of cognitive impairment in different groups. It determines if
there is a statistically significant difference in the distribution
of cognitive impairment between patients with mild TBI and
the control group. The chi-squared test helps assess whether
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Figure 1. Average score on the Wechsler Memory
Scale

there is a relationship between the results and factors that
may affect cognitive functions.

The obtained p-values (significance level) were used to
determine the statistical significance of the results. p < 0.05
was considered statistically significant, indicating that the
differences between the groups are not random and have a
high probability of existing in the general population.

In addition, Cronbach’s alpha values were calculated to
assess the internal consistency and reliability of the results.
This detailed approach to statistical analysis ensured the reli-
ability and validity of the findings obtained as a result of the
study on the effect of mild TBI on cognitive functions and
critical thinking.

Results

The study showed that 29 patients (80 %) with mild TBI
had memory and attention impairment, which manifested
itself in the form of a decrease in the ability to remember new
information and concentrate attention. In particular, there
was a decrease in the score on the Wechsler Memory Scale
by 15 % compared to the control group. The average score in
patients with mild TBI was 42.5, while in the control group,
this figure was 50 that indicates a statistically significant dif-
ference (p < 0.05) (Fig. 1).

Patients with mild TBI demonstrated a decrease in cog-
nitive functions, especially short- and long-term memory.
These memory deficits affected their ability to assimilate
and reproduce new information, which was confirmed by
lower scores on the Wechsler Memory Scale. In 23 individu-
als (63.8 %), a slowdown in information processing speed
was observed, which negatively affected the ability to make
decisions.

In the Trail Making Test, these patients showed signifi-
cantly longer task completion time. The average time to
complete task A in the control group was 29 seconds, while
in patients with mild TBI, this figure was 35 seconds, which
is 20 % longer (p < 0.01). For task B, the average completion
time in the control group was 75 seconds, while in patients
with mild TBI — 90 seconds, which also showed an increase
of 20 % (p < 0.01). These results indicate a significant slo-
wing in cognitive processes in mild TBI, which negatively
affects the ability to make quick decisions and process in-
formation (Fig. 2).

Impaired critical thinking manifested itself in the ap-
pearance of difficulty when analyzing and synthesizing
information, impulsiveness in making decisions, and dif-

Figure 2. Results of the Trail Making Test
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Figure 3. Score on the Wisconsin Card Sorting Test

ficulty in searching for alternative options for action. In
the Wisconsin Card Sorting Test, 26 of 36 patients dem-
onstrated a decreased performance. The average number
of errors in patients with mild TBI was 12.8, which is 18 %
higher than in the control group (10.8 errors, p < 0.01)
(Fig. 3). Patients with mild TBI have little difficulty adap-
ting to changes in card sorting rules, which indicates a defi-
cit in cognitive ability and a decrease in the effectiveness of
cognitive functions.

The study also included a subgroup analysis based on
age, gender, and injury severity. It was found that cognitive
impairment (mostly of short-term memory) was observed
more often in women than in men. The average score of
women on the Wechsler Memory Scale was 12 % lower than
that of men (p < 0.05). Older patients (32—35 years) showed
more significant cognitive deficits than younger ones (28—31
years), and the average time to complete the Trail Making
Test was 25 % longer in older individuals (p < 0.01).

Structural changes in the brain were detected by MRI
in patients with the most severe cognitive impairment,
such as hippocampal atrophy and enlargement of the
cerebral ventricles. Fifteen of 36 patients showed these
changes, which correlated with worse performance on all
neuropsychological tests (p < 0.01).

These results confirm that mild TBI can have long-lasting
and significant effects on cognitive function and critical
thinking. The impairments identified suggest the need to
develop effective rehabilitation and prevention methods to
improve the quality of life of victims.

Discussion

The results of the study indicate that mild closed
head injuries (mild TBI) have a significant impact on the
cognitive functions of patients, as confirmed by the results
of neuropsychological tests. However, it should be noted that
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the findings also highlight an important aspect in the impact
of mild TBI on critical thinking, which is key to everyday
functioning and social integration of patients.

First of all, impaired critical thinking after mild TBI can
affect the ability to analyze situations, formulate reasonable
conclusions and make rational decisions. This is especially
important in the context of professional activities and
interpersonal interactions, where high quality of cognitive
processes is a prerequisite for success and harmonious
relationships [1, 2, 7].

The study showed that critical thinking impairment in
mild TBI manifests itself in the form of difficulties when
analyzing and synthesizing information, as confirmed by
the results of the Wisconsin Card Sorting Test. Patients
demonstrated significantly worse results compared to the
control group, indicating a deficit in cognitive flexibility and
a decrease in the efficiency of executive functions.

This is consistent with the data of studies by other authors,
in particular, Smith et al. (2018) who found that 15—30 % of
patients with mild TBI in the United States experience long-
term cognitive impairment, including problems with critical
thinking. In addition, it should be noted that impairments
in critical thinking can have long-term consequences for
patients’ social and professional adjustment [1, 4]. The loss
of the ability to effectively plan, analyze, and make decisions
can lead to problems in work and personal life, which in
turn can affect overall well-being. For example, according
to studies by Jones et al. (2017) and Miiller et al. (2019),
individuals with mild TBI experience significant difficulties
in completing complex tasks and making informed decisions,
which negatively affects their professional functioning and
interpersonal interactions [2, 3].

In the rehabilitation of patients with mild TBI, it is
important to pay special attention to restoring critical
thinking and executive functions. Rehabilitation programs
should include exercises to improve memory and attention,
and special training aimed at developing skills in analysis,
synthesis of information, and decision-making.

Interventions, such as problem-solving therapy and
cognitive-behavioral therapy, have been shown to reduce
residual symptoms and improve psychological functioning
in mild TBI patients [11]. Additionally, specialized cognitive
training programs have demonstrated positive effects on
occupational performance and client factors, contributing
to overall rehabilitation success [12].

Physical exercise plays a crucial role in cognitive
recovery after mild TBI. Aerobic exercises, such as walking
and swimming, have been associated with improvements
in attention and memory. Moreover, neuromodulation
techniques like transcranial magnetic stimulation and
transcranial direct-current stimulation are emerging as
potential interventions to enhance cognitive functions,
though further research is needed to establish their efficacy.
Addressing emotional and psychological aspects is vital, as
cognitive impairments often coexist with conditions like
depression and anxiety. Cognitive-behavioral therapy and
psychoeducation have been effective in improving outcomes
for mild TBI patients, aiding in their adaptation to cognitive
changes [13].

We believe that a multidisciplinary approach combining
cognitive rehabilitation, physical activity, potential
pharmacological treatments, and psychological support
offers promising opportunities for restoring cognitive
functions and critical thinking abilities in individuals with
mild traumatic brain injuries.

Finally, it is important to note that further research
should be aimed at developing and implementing new
methods for assessment and rehabilitation of patients with
mild TBI that consider all aspects of cognitive impairment,
including critical thinking. It helps increase the effectiveness
of treatment and improve the quality of victims’ life.

Conclusions

The results of the study highlight the importance of
further research and development of new approaches to
rehabilitation of patients with mild closed craniocerebral
injuries (mild TBI). Given the significant impact of mild TBI
on cognitive functions and critical thinking, development
prospects may include several key areas: new rehabilitation
programs, innovative technologies in rehabilitation,
neuroplasticity research, prevention of repeated injuries,
interdisciplinary approach, and longitudinal studies. Thus,
the development prospects in the field of research and
rehabilitation of patients with mild TBI are multifaceted and
include both innovative treatment methods and preventive
measures. An integrated approach to the study and treatment
of mild TBI will help reduce its negative impact on cognitive
functions and critical thinking, thereby improving the quality
of life of victims.

1. Cognitive impairment. 29 patients (80 %) with
mild TBI demonstrate significant memory and attention
impairment, as evidenced by a 15% decrease in Wechsler
Memory Scale scores compared to the control group
(p <0.05).

2. Slowed information processing. 23 patients (63.8 %)
have a slowed information processing speed, which is
manifested itself in an increase in the time to complete tasks
on the Trail Making Test by 20 % compared to the control
group (p < 0.01).

3. Critical thinking impairment. 26 mild TBI patients
(72 %) demonstrated difficulties in critical thinking and
executive functions, as evidenced by an 18% increase in
errors on the Wisconsin Card Sorting Test compared to
controls (p < 0.01).

4. Gender differences. Women have more cognitive
impairments than men, including average scores on the
Wechsler Memory Scale that are 12 % lower (p < 0.05).

5. Age differences. Older patients (32—35 years)
demonstrated more significant cognitive deficits compared
to younger ones (28—31 years), in particular the average time
to complete the Trail Making Test was 25 % longer in older
individuals (p < 0.01).

6. Neuroimaging findings. 15 of 36 patients showed
structural changes in the brain on MRI, such as hippocampal
atrophy and enlargement of the brain ventricles, correlating
with worse performance on neuropsychological tests (p < 0.01).

7. Multidisciplinary approach combining cognitive
rehabilitation, physical activity, potential pharmacological
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N

treatments, and psychological support offers promising
opportunities for restoring cognitive functions and critical
thinking abilities in individuals with mild traumatic brain
injuries.
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Ha KOTHITUBHI (PyHKLUIT Ta KpUTUYHE MUCIIEHHSI, @ TAKOX OLliH-
Ka MOXJIMBOCTEI peaOimiTaiii misl BiTHOBIEHHS IUX (DYHKIII.
Mamepiaau ma memoou. BukopuctoByBaiu KIiHiuHi, HEHpO-
MCUXOJIOTIYHI i IHCTPYMEHTaJIbHI METOIM OLLIHKM CTaHY KOTHITUB-
Hux GyHkuit npyu YMT nerkoro cryneHsi. Y 1OCHiIKXEHHI B3sI-
I yyacTh 36 mauieHTiB BikoM Big 28 1o 35 pokiB — 20 40J10BiKiB
(55,56 %) Ta 16 (44,44 %) XiHOK, IKMM BCTAHOBJICHO JiarHO3 JieT-
koi UMT 3rigHo 3 10-M nieperisimoM MixKHApOIHOT CTaTUCTUIHOL
kJacudikariii XBopo0 i mpoobsieM, MOB’sI3aHUX 3i 3MOPOB’SIM, TIi
koaoM S06.9X9, 1110 MiaATBePAXKYETHCS MEAUYHUMU TOKYMEHTA-
Mu. Pesyasmamu. JlocnimkeHHs mokasaio, 1o y 29 oci6 (80 %)
i3 UMT Jnierkoro cryneHst criocTepirajucs nopyuieHHs nam’siti Ta
yBaru, siki MposIBJISUIACS 3HUKEHHSIM 31aTHOCTI 3aramM’sITOBYyBaTU
HOBY iH(opMalIiio Ta KOHLIEHTPYBATH yBary. ¥ TaIli€HTiB i3 cep-
MO3HUMU KOTHITUBHUMM PO3JagaMU 3a JTOMOMOIOI0 MarHiTHO-
pe3oHaHCHOT ToMorpadii BUSIBJIEHO CTPYKTYPHi 3MiHU B TOJIOBHO-
My MO3KY, SIK-OT aTpodist rirmokamria Ta 3011bILIEHHS IIITYHOUKIB.
V 15 i3 36 0oci0 1i 3MiHM KOPEJIIOBAIK 3 TipIIMMK Pe3yIbTaTaMKi
BCiX HEMPOICUXOJIOTIYHUX TeCTiB (piBeHb 3HauyiocTi p < 0,01).
Bucnosxku. 1. KornituBHi opymieHHs: y 29 xsopux (80 %) i3 jier-
ko010 YMT 3HauHO noripieHi nam’siTh Ta yBara, rpo 110 CBilYUTh
3HIDKEHHS OL[IHKY 3a LIKayIolo rmaM’sti Bekciepa Ha 15 % nopis-
HSIHO 3 KOHTpoJbHOI0 rpynolo (p < 0,05). 2. YnoBinbHeHa 06podKa
iHdopmarii: 23 nauientu (63,8 %) MalTh MOBUIBHY IIBUIKICTh
00poOku iHopMaLii — yac Ha BUKOHAHHS 3aBJaHb TECTY MPO-

KJIaJIaHHsSI MapIpyTy 30i1binyeTbest Ha 20 % MOPIBHSIHO 3 KOHT-
posbHOIO Tpymnoto (p < 0,01). 3. TopyuieHHST KPUTUIHOTO MUC-
neHHst: 26 oci6 (72 %) i3 nerkoro YMT 1eMOHCTPYIOTh TPYIHOIL
3 KPUTUYHUM MUCJIEHHSIM i BAKOHABYMMHU (DYHKIISIMU, TIPO 1110
CBimuuTH 301TbIICHHS Ha 18 % KiNIbKOCTI MOMIIOK y BicKoHCUH-
CbKOMY TECTi COPTYBaHHS KapTOK MOPIiBHSIHO 3 KOHTPOJIBHOIO TPY-
noto (p < 0,01). 4. [eHaepHi BiAMiHHOCTI: KiHKM MalOTh OLIbIIIE KOT-
HITUBHUX PO3JIAiB, HX YOJIOBIKHM, BKIIIOYAIOUM HIKUMK Ha 12 %
cepenHiit 6an 3a mkanoro nam’sti Bekcnepa (p < 0,05). 5. Bikosi
BiIMiHHOCTI: Y XBOPUX CTapIIoro Biky (32—35 poKiB) KOTHITUBHUIMA
nediuyT Ol 3HAYHUIM, HiXK B 0¢i0 MOJI0A1IOrO BiKy (28—31 pik):
30KpeMa, Cepe/IHiii yac BUKOHAHHSI TECTY MPOKJIaJaHHsI MapLIPyTy
OyB Ha 25 % noBuMM y ctapiiux naiieHTis (p < 0,01). 6. Pesynsratu
HerpoBizyatizattii: 15 i3 36 mauieHTiB Maiv CTPYKTYpPHi 3MiHU MO3KY
3a pe3yjbTaTaMy MarHiTHO-pe30HaHCHOI ToMorpadii, sIK-OT aTpo-
(ist rimokammna i 301IbILIEHHS HIJTYHOUKIB, 10 KOPEJIIOE 3 TipIIuMu
pesyssraramu Heliporicuxosoriynux tectis (p < 0,01). 7. Mynbsru-
MUCHUTUTIHAPHUH MiOXi, SIKWA TTOEMHYE KOTHITUBHY peabistiTalliio,
(izuyHy aKTUBHICTb, OTEeHIIiliHEe (papMaKoJIOriuHe JiKyBaHHS i
MCUXOJIOTIYHY MiATPUMKY, TPOMOHYE 6AraTo00iLISIIOUi MOXIMBOCTI
JUISI BITHOBJIEHHSI KOTHITUBHUX (DYHKLIIH i 31I0HOCTE KpUTUIHOTO
MUCTICHHS B OCi0 i3 JTIeTKMMM 4eperTHO-MO3KOBUMHU TPAaBMaMU.
Ki1i040Bi c10Ba: yepenHo-Mo3K0Ba TpaBMa JETKOTO CTYIIEHS;
HEUPOICUXOJIOTIYHI TeCTU; KPUTUUHE MUCIJIEHHS; KOTHITUBHA
nuchyHKILiS; peabitiTarist
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