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Abstract: Post-traumatic encephalopathy (PTE) in children is a common and poorly understood
consequence of mild to moderate traumatic brain injury (TBI). Despite the subtle clinical
manifestations in the acute phase, persistent cognitive, autonomic, and neurophysiological
impairments can develop in the late phase of PTE.

This study presents data from a comprehensive clinical, neurological, neuropsychological, and in
strumental examination of 46 children aged 7 to 18 years who had suffered a concussion (Group
A, n=20) or brain contusion (Group B, n=26). An analysis of complaints, headache severity usin
g the Visual Analog Scale (VAS), clinical neurostatus, and the functional state of the autonomic
nervous system (Guillaume-
Vein scale), as well as EEG and MRI results, was conducted. The primary complaint in most chil
dren was tension-type headache of moderate intensity.

Introduction

Traumatic brain injury (TBI) in children occupies a leading place in the structure of acute
neurological conditions, often causing late consequences that lead to a decrease in cognitive
potential, social maladjustment and impaired quality of life in adolescence and adulthood [1, 15].
Notwithstanding the fact that the most common forms of TBI in childhood are concussion and
brain contusion, they often remain underestimated in clinical practice, especially in the late phase
[2, 3, 16, 24, 25]. Post-traumatic encephalopathy (PTE), developing as a result of these
conditions, is manifested by a variety of symptoms, including headaches, autonomic lability,
emotional disturbances and cognitive deficits [5, 6, 7, 8, 9, 10, 11, 12]. However, the lack of a
standardized approach to the comprehensive assessment of such patients, as well as insufficient
integration of objective neurophysiological methods, complicate timely diagnosis and the choice
of a route for observation and correction [15, 18, 22].

Contemporary research indicates a close relationship between the functional state of the brain
(based on EEG data), clinical neurological status, and neuropsychological testing results in
children with posttraumatic stress disorder [4]. However, most studies focus on individual
aspects (e.g., posttraumatic headache or anxiety), while a comprehensive approach that includes
clinical, behavioral, and instrumental parameters remains underdeveloped [13]. The problem of
assessing children who have suffered mild to moderate TBI is particularly pressing, as they often
exhibit delayed and subclinical disorders that are only detected during targeted examination [14].
In recent years, there has been growing interest in developing digital patient profiling models for
the purposes of risk stratification, routing, and monitoring the effectiveness of rehabilitation
measures [19, 23]. In conditions of limited access to expensive imaging methods, the use of
routine electroencephalography in combination with validated age-adapted scales and tests is
particularly valuable. The creation of a visual cognitive-neurophysiological profile of a patient,
combining neuropsychological, behavioral, and digital EEG indicators, opens up opportunities
for standardizing the approach to diagnosis and assessing the dynamics of the condition.

Thus, this study aims to develop and test a unified scheme for the comprehensive assessment of
children with post-traumatic encephalopathy who have suffered a concussion or brain injury,
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followed by visualization of their individual neurocognitive profile and identification of the most
significant clinical and physiological correlates.

Materials and methods of research

The study included 46 children aged 7 to 18 years who had suffered mild to moderate traumatic
brain injury (concussion and brain contusion). All patients were observed as outpatients or were
undergoing rehabilitation treatment at a specialized medical facility. The study was divided by
injury type: Group A included children with concussion (n=20), Group B included children with
brain contusion (n=26). Inclusion criteria were: confirmed mild to moderate TBI, no organic
CNS disease, no history of intellectual disabilities, no significant psychoemotional disorders, and
no use of psychotropic therapy within three months prior to the examination. All patients and
their legal representatives provided written informed consent to participate in the study.

The examination was conducted between one and six months after the TBI, with the mandatory
participation of a neurologist and psychologist. The examination included:

Analysis of complaints and clinical status, including an assessment of: headache severity using
the Visual Analog Scale (VAS) (0—10 points); autonomic dysfunction using the Guillaume—Vein
Autonomic Dysfunction Scale (GAS) with a point index (0-30); behavioral characteristics and
emotional background using an adapted questionnaire based on the CBCL and the STAI-C
anxiety scale (for children under 15 years old) or HADS (for adolescents over 15 years old);
sleep quality using a questionnaire with elements of the Children's Sleep Habits Questionnaire
(CSHQ).

Neuropsychological testing, including: the MoCA (Child Adaptation Assessment) scale for
screening cognitive functions; the Luria 10-Word Test (memory assessment); the Luria Kinetic
and Dynamic Praxis Test; Digit Span (digital series) — assessment of attention and working
memory; the Concept Classification Test — abstract thinking.

Neurophysiological examination: — routine EEG at rest with closed and open eyes, with
assessment of background activity, dominant rhythm, frequency indices, presence of theta, delta
and paroxysmal activity, interhemispheric asymmetry; digital EEG analysis with calculation of
alpha-peak frequency, theta/beta ratio (TBR), EEG dysfunction index (0—10 points); MRI of the
brain (n=16) was performed according to indications: persistent headache, severe cognitive
impairment or paroxysmal activity on EEG.

Based on the collected data, an individual cognitive-neurophysiological profile was created for
each patient, integrating quantitative and qualitative indicators of neuropsychological testing,
behavioral status, autonomic regulation, and digital EEG parameters. The results were visualized
as a spider diagram (radar graph), allowing for standardized presentation of the patient's status
and the use of the profile over time.

Statistical data processing was performed using Microsoft Excel and SPSS 22.0. Descriptive
statistics, comparative analysis (Student's t-test, y>-test), and correlation analysis (Spearman's rho
coefficient) were used. Differences were considered statistically significant at p < 0.05.
Research results

Descriptive characteristics of the examined patients

The study included 46 children (24 girls and 22 boys) aged 7 to 18 years. The average age of the
subjects was 12.7 + 3.2 years. Age at the time of traumatic brain injury ranged from 5 to 17 years,
with an average of 10.0 + 2.9 years. The time interval from the injury to the examination ranged
from 1 to 6 years (average 3.1 + 1.5 years).
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Based on clinical diagnosis, patients were divided into two groups: Group A (n=20, 43.5%) —
children diagnosed with concussion; Group B (n=26, 56.5%) — children diagnosed with brain
contusion.

Among children with brain contusions, mild forms were the most common (n=17; 65.4%),
although nine cases (34.6%) had moderate-severity clinical presentations. In the concussion
group, all cases were classified as mild TBI. No concussion patient had a history of loss of
consciousness, while four children (15.4%) in the concussion group experienced a brief loss of
consciousness (up to 30 minutes). The remaining concussion cases (n=22) did not involve loss of
consciousness but were accompanied by vestibular, coordination, or behavioral disorders in the
early post-traumatic period.

Primary Patient Complaints

Analysis of the complaints revealed that the most common symptoms in the children examined
were headaches, increased fatigue, decreased concentration, emotional instability, and sleep
disturbances. The frequency and severity of complaints were significantly higher in the group of
patients who had suffered a brain contusion compared to children after a concussion.

Headache was reported in 39 children (84.8%), with its nature and intensity varying depending
on the severity of the injury and the time since the TBI. In the concussion group, tension-type
headaches of moderate intensity (VAS score 3-5) were prevalent, occurring primarily in the
evening or after mental exertion. In the brain contusion group, the majority of patients (65.4%)
experienced throbbing or bursting headaches, accompanied by photophobia, nausea, or
autonomic symptoms. The mean VAS score in children with concussion was 6.1 + 1.4 versus 4.3
+ 1.2 in the concussion group (p < 0.01). When comparing headache severity with the time since
the injury, a pattern emerged: children examined within the first year after TBI had significantly
higher pain intensity than those observed longer. Some children who had sustained TBI more
than three years previously continued to experience occasional headaches related to weather
changes or stress, but their intensity decreased to 2-4 points on the Visual Analog Scale (VAS).
Autonomic dysfunction, as measured by the Guillaume-Vein Autonomic Dysfunction Scale
(GVADS), also showed a correlation with the time since the injury. The highest autonomic index
values were recorded in the first 6-18 months after TBI (mean 17.2 £ 3.9 points),
subsequently decreasing to 11.3 £ 3.1 in children examined 3-5 years later. Persistent persistence
of pronounced vegetative symptoms more than 2 years after injury was typical for children with
impaired adherence to rehabilitation measures or with concomitant emotional disorders.
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Fig 1. Severity of headache and autonomic dysfunction depending on duration

Thus, both the severity of the injury and the time elapsed since the injury influenced the clinical
picture. More pronounced somatic, pain, and autonomic symptoms were observed in the
subacute and early chronic periods, especially in children with brain contusion.

Characteristics of Neuropsychological Functions

Neuropsychological testing revealed a wide range of cognitive impairments in children with PTE,
including decreased attention span and short-term memory, slowed verbal and visual-spatial
thinking, and elements of praxis impairment. The severity of impairments varied depending on
the nature of the TBI.

According to the MoCA (Model of Concussion Assessment for Children) scale, the average
score in the concussion group was 25.6 = 1.9, approaching the lower limit of normal. In the brain
contusion group, the average score was significantly lower—22.1 £ 2.7 (p < 0.01), consistent
with signs of moderate cognitive dysfunction. In 14 children in this group (53.8%), the MoCA
score was below the cutoff of 24 points, including 6 patients below 20.

The Luria 10-Word Test, which measures short-term and delayed memory, revealed a significant
decrease in the number of words recalled in both groups compared to the age norm. The average
score in Group A was 6.4 = 1.2, while in Group B it was 4.9 + 1.6 (p < 0.05). Nine children in
the concussion group remembered fewer than 4 words even after 3 repetitions, which was
interpreted as a significant impairment in verbal memory.

Attentional performance, assessed using the Digit Span, was also impaired in most children. In
the concussion group, the average number of correctly reproduced digits forward was 5.1 £ 0.7,
and backward was 3.2 £ 0.5. In the concussion group, these values were lower: 4.4 + 0.8
and 2.7 £ 0.6, respectively (p < 0.05).

In the dynamic and kinetic praxis tests (Luria exercises), Group B significantly more often
reported difficulty switching, perseveration, and fragmented task performance. Violations in the
classification of concepts (errors in logical-semantic grouping) were identified in 38.5% of cases
in the group with a bruise versus 15% in the group with a concussion.

Table 1
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Comparative table of neuropsychological indicators

Indicator Concussion Contusion p

MoCA (scores) 25,6+ 1,9 22,1+2.7 <0,01
10 words (average) 6,4+1,2 49+1,6 <0,05
Digit Span forward 5,1+£0,7 44+0,8 <0,05
Digit Span backward 32+0,5 2,7+0,6 <0,05
Errors in praxis (Luria) 20% 46% <0,05
Errors in concept classifications (%) 15% 38,5% <0,05

An analysis of the relationship between the severity of cognitive impairment and the time
elapsed since the TBI revealed that cognitive indicators gradually improve with increasing time
since the injury. In children examined within the first year after the injury, the average MoCA
score was 22.0, the 10-Word Test score was 4.6, and the Digit Span (backward) score was 2.6.
Between 1 and 3 years, scores were higher: MoCA 24.0, 10-Word Test score 5.9, and Digit Span
score 3.0. The highest scores were observed in children with a TBI duration of more than 3 years:
MoCA 26.2, 10-Word Test score 6.8, and Digit Span score 3.5. However, in some patients,
cognitive impairment persisted even after 3—5 years, especially in the presence of concomitant
autonomic disorders and poor adherence to rehabilitation. Thus, neuropsychological
disorders in children with PTE vary in depth and structure, reliably correlate with the severity of
TBI and the time elapsed since the injury, and are also associated with clinical and autonomic
complaints.

Instrumental Research Methods

Routine EEG was performed on all 46 patients while they were awake, recording background
activity, the activation response, and standard provocations. The majority of children (63.0%)
showed signs of diffuse cerebral dysfunction of varying severity. Alpha rhythm
hypersynchronization was observed in 32.6% of cases, while theta activity at rest, including
frontal predominance, was observed in 26.1%. Episodes of paroxysmal activity, primarily sharp
waves and spikes in the parietal-temporal regions, were detected in 17 patients (36.9%), without
clinical signs of epilepsy. Single spike-and-wave complexes were recorded in 3 patients. Digital
EEG analysis revealed a decrease in the frequency of the dominant alpha rhythm to 8.2 + 0.7 Hz
in the contusion group versus 9.1 + 0.5 Hz in the concussion group. The mean theta/beta ratio
(TBR) in the frontal leads was 3.2 + 0.9 in group B and 2.4 + 0.7 in group A, indicating a relative
predominance of slow-wave activity in patients with more severe injuries. The EEG dysfunction
index, calculated based on the sum of abnormalities (background activity, asymmetry,
paroxysms, slowing), was significantly higher in children with brain contusion (6.3 + 1.5 points)
compared to children after concussion (3.8 £ 1.1 points, p < 0.01).

Table 2

EEG Parameters in Patients with Concussion and Brain Contusion

Ne | Parameter Concussion Contusion p

1 | Alpha rhythm frequency (Hz) 9.1£0.5 8.2+0.7 <0.01
2 | Theta/Beta Ratio (frontal leads) 24+0.7 32+0.9 <0.05
3 | EEG dysfunction index (0—10 points) | 3.8 £1.1 63=£1.5 <0.01
4 | Paroxsyzmal frequency (%) 15% 38% <0.05
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| 5| Rhythm slowing frequency (%) | 20% | 42% | <0.05 |

Brain MRI was performed in 16 children (34.8%) for clinical indications. Nine cases (56.3%)
showed signs of residual post-traumatic changes: slight expansion of the subarachnoid space,
localized glial transformation of brain tissue, and signs of intracranial hypertension (ventricular
dilation, flattening of the sulci). In two children with severe autonomic dysfunction and
persistent cognitive complaints, isolated areas of periventricular leukoareation without
demyelination were detected. The remaining patients (43.7%) showed no abnormalities in MRI
data.

Thus, neurophysiological examination confirms the presence of functional disturbances in the
regulation of bioelectrical activity in children with post-traumatic encephalopathy. More
pronounced EEG changes and the frequency of structural MRI findings correlated with the
severity of the injury, the presence of autonomic disturbances, and a decline in cognitive
performance.

Discussion

The results of this study confirm the clinical and neurophysiological significance of the
consequences of mild to moderate traumatic brain injury in children. The identified cognitive,
behavioral, and autonomic impairments, as well as functional changes based on EEG data,
indicate persistent post-traumatic stress disorder, often persisting years after the injury.

The greatest differences between the groups of patients with concussion and brain contusion
were observed in the structure of complaints and the severity of symptoms. Tension-type
headache was predominant in patients with concussion, while pain and autonomic symptoms
were more pronounced in the concussion group. This is confirmed by the VAS scale and the
autonomic index (AISI), where differences between the groups reached statistical significance.
These findings are consistent with the results of several other studies indicating a high level of
somatization and autonomic dysregulation in children after TBI [2, 3, 12].

Neuropsychological assessment revealed impairments in memory, attention, and praxis,
particularly in patients with brain contusion. The level of cognitive dysfunction decreased with
increasing time since injury, reflecting partial recovery of neurocognitive functions.However,
even after 3—5 years, persistent impairments persisted in some patients, particularly in the
presence of clinically significant autonomic dysfunction and the absence of systemic
rehabilitation [7, 9, 17].

EEG data are of particular interest. A decrease in alpha rhythm, an increase in TBR, and an
increase in the EEG dysfunction index clearly correlated with injury severity and cognitive
deficits.These results confirm the functional vulnerability of the frontoparietal lobes in children
with posttraumatic encephalopathy and highlight the importance of digital EEG analysis in
neurological risk stratification. Similar trends were noted in other studies [20, 21], where the use
of quantitative EEG indicators increased the diagnostic value of routine EEG.

Despite the limited number of patients who underwent MRI, the detected changes (subarachnoid
space expansion, signs of intracranial hypertension, areas of gliosis) complement the picture of
functional and structural vulnerability of the brain in the late post-traumatic period [4, 12].
Moreover, the majority of children without MRI abnormalities still showed significant cognitive
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and autonomic impairments, emphasizing the need to assess functional parameters, not just
anatomical ones [14].

The developed model of a visual cognitive-neurophysiological profile has demonstrated high
clinical applicability: it allows for the rapid identification of key disorders, monitoring the
dynamics of the patient's condition, and developing a personalized rehabilitation route. The
integration of digital EEG parameters, neuropsychological assessment, and complaint scales
makes the approach reproducible both in specialized care settings and at the general practitioner
level.
Patient stratification and routing.
The obtained results allowed us not only to identify the leading symptoms and
neurophysiological disorders in children with post-traumatic encephalopathy but also to propose
a basis for functional stratification of patients aimed at early identification of risk groups and
determination of optimal management tactics.

Stratification criteria included:
Clinical and functional parameters: - Headache severity (VAS > 6 points);
- Complaint index > 6;
- Level of autonomic dysfunction (SVSV > 15);
- Emotional lability (STAI/ HADS).
Neuropsychological indicators: - MoCA < 24 points;
-"10 words" < 5;
- Digit Span back < 3.
Neurophysiological markers: - Alpha rhythm < 8. 5 Hz;
- TBR > 3. 0;
— EEG dysfunction index > 5 points;
— presence of paroxysms or theta dominance.
Based on the combination of these parameters, patients were conditionally divided into three
groups:
Low-risk group: clinical manifestations are minimal, cognitive and EEG profiles are close to

normal, and the dynamics are positive; observation as part of a general clinical observation and
periodic neuropsychological monitoring are indicated.
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Moderate-risk group: isolated cognitive or autonomic disorders, EEG changes, decreased
attention or memory are observed; involvement of a neuropsychologist and neurologist, and
correctional programs are required.
High-risk group: multiple complaints, severe cognitive deficits, emotional and autonomic
disorders, persistent EEG abnormalities and/or MRI signs; interdisciplinary monitoring
(neurologist, psychologist, psychotherapist), advanced diagnostics, and active correction are
recommended.

Routing algorithm:
Initial screening (neurologist/pediatrician): — anamnesis, VAS scale, complaints, WMH, MoCA
(rapid screening), EEG.
Development of a visual cognitive-neurophysiological profile: - automated calculations and clear
visualization (diagram);
- patient stratification based on the sum of criteria.
Pathway determination: - for risk scores of 1-2 — observation and recommendations;
- for scores of 3—5 — specialist involvement, dynamic observation;
- for scores of >6 — extensive examination, multidisciplinary approach.
This approach optimizes the care of children with PTE, minimizes prolonged underdiagnosis,
and ensures targeted correction of disorders.

Conclusions

Posttraumatic encephalopathy in children who have suffered a concussion or brain contusion is
characterized by multifaceted disorders: pain, cognitive, autonomic, and neurophysiological.
Even mild forms of TBI can lead to persistent changes detectable months and years after the
injury. Children with brain contusion are significantly more likely to present with multiple
complaints, including severe headaches, symptoms of autonomic dysfunction, memory and
attention deficits, and EEG changes. Cognitive testing scores (MoCA, 10-word test, Digit Span)
and digital EEG parameters (alpha rhythm, TBR, dysfunction index) demonstrate significant
differences between groups. The severity of impairments inversely correlates with the duration
of the injury; however, in some cases, residual deficits persist, especially in those with poor
rehabilitation adherence and the presence of multiple clinical and functional abnormalities.
Routine EEG examination, supplemented with digital parameters (alpha peak, TBR, dysfunction
index), has high diagnostic value in assessing the functional state of the brain in the late post-
traumatic period. A visual cognitive-neurophysiological patient profile has been developed,
integrating neuropsychological, clinical, and digital EEG parameters. This tool allows for
standardized assessment of a child's condition, dynamic monitoring, and improved clinical
diagnostic accuracy. A functional stratification model and routing algorithm based on a
combination of clinical, neuropsychological, and neurophysiological criteria have been proposed.
This enables a targeted approach to patient care and optimizes the allocation of healthcare
resources.
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