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BC – brain concussion
BDI – Beck Depression Inventory
CT – combined trauma
EEG – electroencephalography
HF – high-frequency waves
HRV – heart rate variability

LF – low-frequency waves
MFI-20 – Multidimensional Fatigue Inventory
TI – tension index
ТР – total spectrum power
VLF – very low-frequency waves
VRI – vegetative rhythm indicator
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The study included 102 patients with a combination of brain concussion (BC) and skeletal and thoracic injuries. The 
control group, 32 patients with isolated BC, was included. Neuropsychological testing and neurophysiological studies of 
EEG, HRV and P300 were performed. Depressive and asthenic disorders were revealed in the vast majority of patients with 
combined trauma. Cognitive decline was more marked in patients with thoracic combined trauma. The asymmetry of cortical 
activity of the brain prevailed in patients with the combined pelvicinjury. And vegetative regulation was characterized by the 
prevalence of parasympathetic influence against the background of increased sympathetic reactivity throughout the acute 
period. Thus, due to the difference in the mechanisms of «mutual burdening», the structures of the clinical course and spe-
cific neurophysiological characteristics differ in their structure.

Keywords: combined trauma, vegetative regulation, mutual burdening syndrome

В исследование были включены 102 пациента с сочетанием сотрясения головного мозга и скелетных и торакаль-
ных повреждений. В контрольную группу вошли 32 пациента с изолированным сотрясением головного мозга. Про-
водилось нейропсихологическое тестирование и нейрофизиологические исследования: ЭЭГ, ВРС и Р300. У пода-
вляющего большинства пациентов с сочетанной травмой (СТ) выявлены депрессивные и астенические нарушения. 
Когнитивное снижение в большей степени было отмечено у пострадавших с торакальной СТ. Асимметрия корковой 
активности головного мозга преобладала у пациентов с СТ таза. Вегетативная регуляция характеризовалась прева-
лированием парасимпатического влияния на фоне повышенной симпатической реактивности на протяжении всего 
острого периода. Таким образом, разные по структуре СТ с учетом разности механизмов «взаимного отягощения» 
имеют особенности клинического течения и специфические нейрофизиологические характеристики. 
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One of the global problems of the XXI century 
is the growth of traumatism. The combined 
traumas (CT) take a special place in structure 

of traumatism; their features of pathogenesis 
depend on the structure of injuries included in 
their composition [1]. Mild neurotrauma in the 
combination is found in almost 80 % of all cases of 

injuries, and its negative role in the course of the 
acute and recovery periods increases due to the 
syndrome of mutual burdening and overlap [2, 3, 
4].

The study aimed to evaluate the indicators of cogni-
tive and psychoemotional disorders and the features of 
autonomic regulation in patients with CT.
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Material and Methods. The clinical research was 
carried out based on the combined trauma depart-
ment of hospital. The study included 134 people, 102 of 
them received treatment in the department in the peri-
od 2013–2017. Among them, women were 36 (35.3 %) 
and men – 66 (64.7 %). The average age of patients was 
30.2±8.2 years. A combination of injuries was considered 
in 3 groups: group 1 consisted of 37 (36.3 %) patients 
with a combination of brain concussion (BC) with frac-
tures of the lower extremities; group 2 – 32 (31.4 %) pa-
tients with BC and chest injury and group 3 – 33 (32.3 %) 
patients with BC and pelvic fractures. The control group 
consisted of 32 patients with isolated BC.

Clinical and neurologic examinations were carried 
out, and psycho-emotional state was defined with the 
help of the asthenia questionnaire Multidimensional Fa-
tigue Inventory (MFI-20), Spielberg-Khanin scale of anxi-
ety, Beck Depression Inventory(BDI). Cognitive functions 
were also evaluated with the Montreal Scale (Montreal, 
Quebec, Canada). Neurophysiological techniques con-
cluded EEG, the definition of cognitive potential P300, 
and heart rate variability (HRV). 

Statistical data processing was done using of applica-
tion package program Statistica 10 (Stat Soft, USA). The 
level of statistical significance was recorded at the level 
of error probability 0.05.

Results and Discussion. A high number of com-
plaints, which the patients with combined trauma have, 
can be connected in cephalic, asthenovegetative and 
cognitive impairment syndrome.

Neurological examination revealed the next pat-
terns: 82 (80.4 %) patients with combined trauma have 
horizontal nystagmus with extreme leads. 51 (50.0 %) 
patients have positive symptoms of oral automatism, in 
particular, the symptoms of sucking in Marinescu – Ra-
dovich. 37 (36.3 %) studying patients have disturbances 
of oculomotor FMN in the form of convergence weak-
ness, reduction of the radius of eyeball movements,  
12 (11.7 %) patients have asymmetry of nasolabial 
folds, 23 (22.6 %) patients have manifestations of the 
pseudobulbar syndrome.There were similar changes in 
the control group: in 24 (75.0 %)patients were the nys-
tagmus was noticed, in 9 (28.1 %) – there were oculo-
motor disorders, in 3 (9.4 %) have central nerve disor-
der and violation by the bulbar group of central origin in 
6 (18.8 %)patients. To realize a complete assessment of 
the motor and sensitive spheres, coordinator violations 
weren’t possible due to the presence of a forced posi-
tion, skeletal traction, or immobilization of the extremi-
ties with plaster brackets.

All examined patients had autonomic dysfunction 
syndrome. In 92.5 % of all examinations (124 patients) 
we could note the signs of imbalance of the autonomic 
nervous system in the form of pronounced distal hyper-
hidrosis in 83.8 % (31 patients) in the group 1; in 78.1 % 
(25 cases) in the group 2, in 87.9 % (29 patients) in the 
group 3 and in 75.0 % (24 cases) in the control group. 
Red spilled resistant dermographism was specific for 
79.1 % (106 patients) of all cases. It was maintained even 
during the second examination after three weeks of treat-
ment of patients in the hospital department.

One of the purposes of studying was the definition 
of the psychoemotional state of patients with combined 
trauma. Analysis of data on the level of depression shows 
that 95 % of patients with injuries are disposed to depres-
sions. The patients with skeletal and pelvic combined 
traumas have the highest level of depression (p=0.0090).

For the definition of asthenia, the scale MFI-20 was 
used. In the overwhelming majority of researching pa-
tients and from control groups, there were manifes-

tations of asthenia in the «total asthenia», «decreased 
activity» and «reduced motivation» subscales. However, 
statistically significant differences in the scales of the 
questionnaire, depending on the structure of the trauma 
weren’t found in this study. In other words, asthenia is an 
integrative manifestation of the course of an acute period 
of neurotrauma, both isolated and combined [5, 6].

There is a cognitive deficit in the acute period.  
All groups with differences in structure injuries are differ-
ent according to Mocha-test’s results (Table 1): respon-
dents scored the smallest number of points from the group 
with chest CT, but in all these studied groups, including 
the control group, the total number of points didn’t reach  
26 points (p=0.0090).

table 1
The comparison of the «Moca-test’s»values in patients 

with different combined traumas structures  
(medium and mean-square deviations)

Indi-
cator

Trauma structure
Level 

P
Skeletal 

CT
(N=36)

Chest CT
(N=32)

Pelvic CT
(N=34)

Brain CT
(N=32)

Moca- 
test 22.4±3.0 20.6±3.2 22.7±3.5 23.3±2.8 0.0102

This cognitive decline is a result of many reasons, 
where in addition to neurodynamic changes as results 
of craniocerebral trauma, there are also psycho-
emotional disorders, that make difficulties for attention 
concentration and memorization, slowness of mental 
processes [7, 8]. Besides, the worst indicators in patients 
with chest CT may also be due to hypoxic changes of 
mixed genesis, aggravating organic, and functional 
changes in the brain [9, 10].

To objectify the diagnosis of cognitive impairment, we 
used the method of neurophysiological assessment of 
evoked potential P300. Cognitive caused potentials are 
indicators of the endogenous bioelectric brain activity 
associated with learning mechanisms [11].

The results in the studying of cognitive functions show 
a significant change in peak latency in all studied groups 
(р=0.0276). In that way, in the group of skeletal CT, it is at 
354.3 ms; in the group of chest CT it is at 358.3 ms; in the 
group of pelvic CT, peak latency is 352.6 ms.

Attention is drawn to the fact that the most significant 
increase in peak latency is observed in patients with chest 
combined trauma.However, the peak latency values in 
patients with skeletal and pelvic combined injuries are 
also quite high. This circumstance can be explained 
by the actual lengthy stay in the immobilized position, 
reduced mental and physical activity, and the presence 
of prolonged pain syndrome after injury. Also, patients 
with thoracic combined traumas are subject to mixed 
hypoxia during all stationary periods. Taking into account 
all results on depression rates (statistically significant 
presence of depression in 92 % of cases with the highest 
scores according to Beck’s scale in groups of patients 
with skeletal and pelvic combined traumas) this factor 
can also affect cognitive dysfunction [12, 13].

Analysis of the EEG results allowed to note statistically 
significant changes in the absolute factor of asymmetry in 
almost all leads except F7-F8 (Table 2). The lowest values 
were found in patients from the group of pelvic CT, where 
the average value of the absolute factor of asymmetry 
wasset at the level – 7.4 (p=0.0008). In groups of patients 
with thoracic and skeletal CT an increase in the total factor 
of asymmetry relative to the control was observed (24.1; 
22.4 and 18.8, respectively). Thus cortical asymmetry is 
the most clearly seen in patients with pelvic CT. 
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The study of heart rate variability (HRV) was carried 
out on the second-third day and tenth – fourteenth 
day of stationary treatment of patients with combined 
traumas. During the second-third days after trauma, 
cardiointervalographywas registered only at the quiescent 
state. On the first day after injury, a significant decrease 
in the parasympathetic effect was observed with increased 
activity of the sympathetic link, which was followed by 
changes in the spectral analysis indices and SDNN, which 
represents the total effect of vegetative regulation, which 
values were less than 44.0 ms, that indicates a decrease 
in heart variability rhythm and a decrease in adaptive 
capabilities of the organism (for example, in the group of 
skeletal combined trauma it is equal 18.7 ms, in the group 
of chest combined injury – 244.8 ms, in the group of pelvic 
combined trauma is 19.8 ms (p=0.0107) [14,15,16]. The 
second study was carried out on the tenth-fourteenth 
days after the injury. The prevalence of parasympathetic 
regulation characterized this period. Statistically significant 
changes in indicators SDNN were noted (at a rate of 45.0–
70.0 ms, in a study in patients of all groups, including the 
control group, it was 5–8 times higher; RMSSD (an increase 
of 10–18 times (at a rate of 36.30–48.55 ms) (p=0,0003).

Spectral analysis revealed a decrease in the total 
power of the spectrum in the groups of pelvic combined 
trauma, brain concussion, but in less degree of skeletal 
combined trauma. The power of the frequency component 
(HF) is in the normal range, but the power of the waves LF 
and VLF, reflecting the influence of the sympathetic link, 
is reduced. The permissible values of the wave spectrum 

were observed only in the group of patients with chest 
combined trauma. The importance of central structures 
in the acute period in patients with CT of the chest and 
pelvis is observed. The persistent tension of regulatory 
mechanisms is indicated by heart rate, characterized 
by tachycardia in patients of all groups. According to 
the value of the vegetative rhythm index, its increase by 
two times was noted in patients with thoracic and pelvic 
injuries. The stress index (TI), which characterizes the 
activity of the sympathetic regulation mechanisms, was 
400–600 c.u. at rest (at a rate of 30–150 c.u.), also in 
patients with the chest and combined pelvic traumas. The 
results indicate an increase in sympathetic reactivity. 

Heart rate variability was in the normal range 
(SDNN<44 ms) by the end of hospital stationary in 88.2 % 
(90 patients) with combined trauma, the worst results 
were observed in the group with pelvic CT (5 patients with 
pelvic CT, 4 patients with chest CT and 3 patients with 
skeletal CT had moderate decrease in rhythm variability 
(SDNN 20–44 ms)).

Conclusions. A wide range of neurological disorders 
is formed in patients with brain concussion and skeletal 
and thoracic injuries, the presence of which leads to 
a worsening of the course of combined injuries. In the 
acute period, patients with combined trauma have 
psycho-emotional disorders of different degrees, have 
cognitive deficits, and vegetative dysfunction. Well-
timed correction of the revealed violations can improve 
adaptation processes and reduce the time of the 
rehabilitation period.

table 2
The comparison of the values of the absolute asymmetry factor in six leads, depending  

on the structure of trauma (medians±quartile range)

Indicator 
of Absolute 
Factor of 

Asymmetry 
in leads

Trauma structure
Level P

Skeletal CT
(N=36)

Chest CT
(N=32)

Pelvic CT
(N=34)

Brainconcussion 
(N=32)

F7–F8 29.8 [4.1:41.6] 25.6 [4.0:45.2] –25.5 [–37.0:35.2] 28.8 [12.2:39.6] 0.1331
F3–F4 15.2 [–2.6:19.6] 14.2 [11.8:51.0] –9.6 [–17.4:5.8] 9.6 [–2.1:12.2] 0.0003
C3–C4 6.8 [–4.4:22.3] 10.2 [8.1:49.1] –30.2 [–57.8:5.2] 13.5 [9.9:20.1] 0.0002
T5–T6 39.0 [28.4:48.0] 22.4 [20.1:55.1] –48.2 [–80.9:22.8] 24.6 [11.4:43.4] 0.0067
P3–P4 7.8 [–2.2:30.1] 21.5 [–6.9:56.8] –21.2 [–53.5:12.4] 17.2 [–17.7:26.5] 0.0086
O1–O2 34.1 [16.4:43.3] 30.1 [0.1:33.1] 13.3 [–64.3:19.7] 21.7 [–9.7:22.5] 0.0061
Average 24.1 [0.1:29.8] 22.4 [20.4:34.5] –7.4 [–52.2:9.3] 18.8 [11.5:23.2] 0.0008
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Spinal canal deformities of various etiologies are one of the most severe types of spine pathology, which often cause 
disability and social alienation of patients, which requires long-term, expensive, multi-stage treatment. This indicates the 
high medical and social significance of the problem and requires developing a unified approach to the treatment of this 
pathology, in particular: choosing optimal tactics of surgical procedures to reduce the frequency of both immediate and 
long-term complications and return the patient to the previous level of activity. Usage of our modified Frankel scale based on 
the analysis of 236 cases of spinal canal deformities allows a to assess neurological disorders in patients not only with spinal 
injuries but also with other vertebromedullary pathologies, such as degenerative-dystrophic, inflammatory and tumoral 
diseases of the spine and spinal cord.

Keywords: spinal canal deformities, modified Frankel scale, vertebromedullary pathology

Деформации позвоночного канала различного генеза являются одним из самых тяжелых видов патологии позво-
ночника, которые часто приводят к инвалидизации и социальной дезадаптации пациентов, что требует длительного, 
дорогостоящего, многоэтапного лечения. Все это свидетельствует о высокой медико-социальной значимости про-
блемы и требует разработки единого подхода к лечению данной патологии, а именно: выбору оптимальной тактики 
оперативных вмешательств с целью снижения частоты развития как ближайших, так и отдаленных осложнений и воз-
вращения пациенту прежнего уровня активности. На основании опыта применения у 236 пациентов с деформациями 


