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STUDYING STRESS REACTIONS IN THE BLOOD OF PATIENTS
WITH COMBINED MID-FACIAL TRAUMA AND APPLICATION
IN REHABILITATION OF TRANSCRANIAL ELECTRICAL STIMULATION

Purpose of the study. The aim of this research was to compare the effectiveness of transcranial electrical
stimulation to normalize the regulatory functions of the CNS in the postoperative period of treatment of patients
with bone injuries of the middle face. Research methods. The study was performed in 47 patients with combined
mid-facial trauma, characterized by the presence of mild traumatic brain injury (concussion, brain contusion
of mild severity) and severe injuries of the facial skeleton — 1, 3, 4, 7 classes according to the Yu.l. Bernadsky
classification. After surgical treatment, all patients were divided into two groups. Conservative treatment
according to the traditional scheme described above was used for rehabilitation of patients in the control group
(22 patients). The same scheme was used for the treatment of patients of the main group (25 patients), but it was
supplemented by a course of transcranial electrical stimulation, which was performed using a low-frequency
electrotherapy device “Radius-01 FT”. The parameters of transcranial electrical stimulation were established
according to the literature of similar studies [20; 21; 22], and were DPS = 5%, 70 Hz, 0.11 ms with a session
duration of 35 minutes 1 time per day with a course of treatment of 10 days. The 7th and 14th days were
chosen as the terms of observation of the effect of its influence on the body’s resistance to stress factors, while
hematological studies were selected as indicators to determine the content of B-endorphins, ACTH and cortisol,
and to calculate the Garkavi stress index. Scientific novelty. Studies have shown that the use of transcranial
electrical stimulation helped to normalize the tone of anti-stress defense mechanisms, stimulated endodorphic
structures of the brain and reduced the intensity of pain in patients with combined mid-facial trauma. Already on
the 7th day, the content of stress-limiting hormones B-endorphins in the plasma of the main group patients was
higher compared to that of the control (15.4 = 1.8 pg / ml to 12.73 + 1.6 pg / ml with g > 0.05), Conclusions.
The obtained data indicate a positive therapeutic effect of transcranial electrical stimulation on the stress-limiting
endogenous opiate system.

Key words: transcranial electrical stimulation, skull-brain trauma.
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JOCJIII)KEHHA CTPECOBUX PEAKIIIN Y KPOBI XBOPHUX 3 IOETHAHOIO
TPABMOIO CEPEJIHbOI 30HU OBJIMYYS TA 3ACTOCYBAHHS
B PEABLJIITAIIAHUNA MEPIOJ TPAHCKPAHIAJIbBHOI EJEKTPOCTUM YJASIIIT

MeToro 1ociimkeHnb Oya0 NOpiBHAHHS e(EeKTHUBHOCTI 3aCTOCYBaHHS TPAHCKPaHIaIbHOI €JIEKTPOCTUMYIISIII{
Jutst HopMautizamii perynstopaux ¢yskmii [IHC y micnsonieparniiiHomy niepiofii JlikyBaHHS XBOPHUX 13 TpaBMaMu
KICTOK cepeiHboi 30HH o0anyus. Metoau aocaifzxeHHs. JlociikeHHs mpoBoanincs y 47 XBOpHX 13 MO€A-
HAHOIO TPaBMOIO CepeHbOI 30HU 00N, VIS SIKOi Oyila XapaKkTepHa HassBHICTH JIETKOIO YEPEHO-MO3KOBOTO
YIIKOXKEHHS (CTPYC TOJIOBHOTO MO3KY, 3a0ilf TOIOBHOTO MO3KY JIETKOTO CTYINEHS TSKKOCTI) Ta TSDKKE MOLIKO-
JOKeHHs1 unboBoro ckenera (1, 3, 4, 7 kmacu 3a xiacudikaniero FO.1. bepraacbkoro). Yci xBopi micist mpo-
BEZICHOTO BiJIIIOBITHOTO XipypriYHOTO JIKyBaHHS OyNW IOIEeHI Ha aBi rpynu. /s peabimitariii XBOpux KOH-
TPOJIBHOI IPYNHU 3aCTOCOBYBAJIM KOHCEPBATUBHE JIIKYBaHHS 3a TPaaULIHHOIO cxeMoro (22 xBopux). Taka cama
CXeMa 3aCTOCOBYBaJacs 1 MpH JiKyBaHHI XBOPUX OCHOBHOI IpynH (25 XBOpHUX), ajie JOAATKOBO BOHA JIOTIOBHIO-
BaJIacsi KypCcoM TPaHCKPaHialIbHOI JIEKTPOCTUMYIIALIT, IKY IPOBOAMIN 32 JOMOMOT0I0 HU3bKOYACTOTHOTO MPH-
nany enekrporeparnii «Paniyc-01 @T». [Tapamerpu poOOTH TpaHCKPaHIaBbHOI €IEKTPOCTUMYIIAIIT CTAHOBHITU
JIIC = 5%, 70 ', 0.11 mc i3 TpuBamicTio ceancy 35 xB 1 pa3 Ha 100y 3 Kypcom JikyBanHs 10 guiB. Tepwmi-
HaMU CIIocTepekeHHs e(eKTy 11 BIUTMBY Ha PE3UCTEHTHICTh OpraHi3My JI0 Jii cTpecoBux (hakTopiB Oyiio oOpaHo
7 Ta 14 no0y, K MOKa3HUKaMH — TeMaTOoJIOTIYHI AOCIi/KEHHs BU3HadeHHs BMicTy B-eHnopdiniB, AKTI Ta xop-
TU30J1y, BifHIMaHHs cTpecoBoro iHaekcy [apkasi. HaykoBa HoBu3Ha. [locmikeHHs MOKa3ajiH, IO 3aCTO-
CYBaHHS TPaHCKpaHIaJIbHOI €JIEKTPOCTUMYJISILI CIpHsIo HOpMali3alii TOHyCcy MEXaHi3MiB aHTUCTPECOBOTO
3aXHUCTY, CTUMYIIOBAJIO €HAOP(IHOBI CTPYKTYypH TOJIOBHOTO MO3KY 1 3MEHIIIYBajO IHTEHCHBHICTH OOJIHOBOTO
CHH/IPOMY y TIAIIIEHTIB 3 IMMOETHAHOIO TPABMOIO CEPEIHBOT AUITHKN 00muausi. Bike Ha 7-My 100y BMiCT cTpec-Ii-
MITYIOYHX TOPMOHIB f-eH10p(diHIB y TUIa3Mi KPOBi XBOPUX OCHOBHOI I'pyITH OyB BUIIMM MOPIBHSHO 3 KOHTPOIIb-
Hoto (15,4 + 1,8 nir/mn o 12,73 + 1,6 /M 3 p > 0,05). BucnoBku. OTpuMaHi 1aHi CBiT4aTh PO MMO3UTHUB-
HUH TepaneBTHYHUHN e(eKT TpaHCKpaHIadbHOI €IeKTPOCTUMYIIAIIi Ha CTPEC-IIMITYIO4Yy €HJIOTEHHY OIiaTHy
CHUCTEMY.

KuarouoBi ciioBa: TpaHCKpaHialbHa €IEKTPOCTUMYJISILISA, YePETHO-MO3KOBa TPaBMa.

Introduction. The data analysis of litera- traffic accidents (up to 89.5%) and domes-
ture resources indicates a fairly high percent- tic injuries. All facial injuries have a number
age of injuries of the middle area of the face, of common features. In 86-100% of cases,
which makes up from 33% to 55% of all such they are combined with a closed traumatic
injuries. They are mainly caused by serious brain injury [4; 5].
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Common features of such cases are violated
vascular trophism of brain with the occurrence
of reflex spasm and vasodilation of blood vessels,
slow blood flow and increased capillary penetration
[17]. Against this background, there is a change in
the secretion of hormones of the hypothalamic-pi-
tuitary system, adrenocorticotropic and somato-
tropic hormones [19]. There is also a violation
of the regulatory function of the central nervous
system, in particular, insufficient production of cal-
citonin, which leads to a slowdown in reparative
osteogenesis and prolongation of the post-trau-
matic rehabilitation period [10; 12].

According to a large number of researchers,
along with modern medical treatment, among
rehabilitation measures for combined injuries
of the middle face and CNS, rehabilitation pro-
cedures are of great importance. They could
be used at all stages of the disease and can
effectively correct certain pathogenetic parts
of the process and carry out symptomatic treat-
ment [15; 16; 18].

Recently, much attention has been paid to the use
of transcranial electrotherapy, one of the modifica-
tions of which is transcranial electrical stimulation.
It is established that with its help it is possible to
activate opioid structures of the brain and struc-
tures of the hypothalamic-pituitary area, to normal-
ize the subcortical structures of the brain, which
allows to optimize the synthesis of neurohormones
that regulate the organs and systems of the human
body [1; 2; 3; 6; 8].

Also at present there is a gradual modification
of transcranial electrical stimulation. It has been
improved to the type of mesodiencephalic modula-
tion, which is characterized by a selective exposure
of the corresponding mesodiencepinal structures
of the brain to impulse current with the frequency
of 20 to 10,000 Hz with a force of up to 6-8 mA.
[13; 14].

This makes it possible to more effectively
change the electrical and biochemical activity
of the centers of the hypothalamic-pituitary sys-
tem and translate the body’s adaptation system
to a much higher functional level. In the acute
post-traumatic period, it provides a pronounced
nootropic effect and rapid regression of pathologi-
cal symptoms, disappearance of symptoms of trau-
matic neuritis of the infraocular and zygomatic
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nerves, restoration of sensitivity and improvement
of microcirculation of the damaged area [22].

In general, transcranial electrical stimulation,
which is minimally invasive, can effectively
influence the regulatory mechanisms of the body,
reduce the treatment and hospitalization course. It
can be performed by medical professionals of any
qualifications and even patients themselves [9].

Given the above and significant practical
interest in the treatment of patients with com-
bined trauma of the maxillofacial area, this
scientific work aims at comparing the effective-
ness of transcranial electrical stimulation to nor-
malize the regulatory functions of the CNS in
the postoperative period of treatment of patients
with middle face bone injuries.

Materials and methods. In order to comply
with the principles of evidence-based medicine,
which requires minimal differences between
the comparative groups, patients who were hos-
pitalized in the department of maxillofacial sur-
gery with middle facial fractures, which can be
attributed to the third type of combined mid-
dle facial injury according to the classification
of A.P. Fraerman and Y.E. Telman, ie with a mild
traumatic brain injury and severe facial skeleton
injuries, were selected for research.

This type of combined mid-facial trauma
included 47 patients with mild brain injury
(concussion, brain contusion of mild severity)
and severe injuries of the facial skeleton — 1,
3, 4, 7 classes according to the classification
of Yu.l. Bernadsky.

All treatment procedures were agreed with
the neurosurgeon, who performed daily mon-
itoring of the effectiveness of treatment of such
patients. The 2conservative treatment regimen was
also prescribed in consultation with a neurosur-
geon. The development of an advanced complex
was based on the traditional version of therapy.
It included standard antibiotic therapy (clandimy-
cin — 600 mg twice a day for 7-8 days), analge-
sic and anti-inflammatory therapy (ketoprofen —
100 mg twice a day for 5-6 days), anti-edema
therapy (L-lysine escinate — intravenously
5-10 ml of the drug).

After surgical treatment, all patients were
divided into two groups. Conservative treatment
according to the traditional scheme described
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above was used for rehabilitation of patients in
the control group (22 patients). The same scheme
was used for the treatment of patients of the main
group (25 patients), but it was supplemented
by a course of transcranial electrical stimula-
tion, which was performed using a low-fre-
quency electrotherapy device “Radius-01 FT”.
The parameters of transcranial electrical stim-
ulation were established according to the liter-
ature of similar studies [11; 20; 21], and were
DPS = 5%, 70 Hz, 0.11 ms with a session dura-
tion of 35 minutes 1 time per day with a isol
was performed by immunochemical method using
electrochemiluminescent detection on an analyzer
with a test system Cobas 6000, Roche Diagnostics
(Switzerland). Reference values — 6.2—-19.4 mcg/ dl.
The conversion factor pg / dl x 27,586 =nmol / 1.

Determination of ACTH (pg/ ml) was performed
by immunochemical method with chemiluminescent
detection (CLIA). Immulite analyzer and test system
(Siemens AG), Germany, were used.

Quantitative determination of the marker
of the anti-stress system of f-endorphin in blood
plasma (pg / ml) was performed by enzyme-
linked immunosorbent assay using the kit “Uscn
Life Science Inc.” (USA).

The type of general nonspecific adaptive
response of the organism under conditions
oftraumatic stress was determined by the percentage
of lymphocytes in the leukocyte formula, by their
ratio to the percentage of segmental neutrophils —
the adaptation index Garkavi L.H.:

Criteria for adaptive reactions:

a) stress response: lymphocytes less than 20%,
adaptation index less than 0.3;

b) training reaction: lymphocytes — 21-27%,
adaptation index — 0.31-0.50;

¢) reaction of quiet activation: lymphocytes —
28-33%, adaptation index — 0,51-0,7;

d) reaction of increase d activation:
lymphocytes — 34-42%, adaptation index —
0.71-0.90;

e) reactivation reaction: lymphocytes higher
than 43%, adaptation index higher than 0.90;

e) defective adaptation reaction: peripheral
blood leukocytes —4.0 " 109 /1 and less.

The level of reactivity was determined by
the degree of deviation from the norm of the blood
formula elements: high, medium, low and very low.

The results were analyzed according to
the standard method of descriptive statistics using
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Fig. 1. A session of transcranial electrotherapy in
a patient with traumatic bone injury
of the middle face area

a personal computer with the appropriate software
package “StatSoft Statistica 10” installed. For
statistical characteristics of the obtained data of each
of the experimental animals, the following indicators
were calculated: mean value (M) = standard error (m).

Comparison of mean values in different groups
was performed using the classical parametric
t-test. When comparing the results, we used
the estimation of differences by a method adequate
for small samples, using the table of Student’s
criterion. The differences were considered
significant at p <0,05.

The research results. The use of electrical
stimulation of the brain in patients with combined
trauma in the postoperative period increases
the level of B-endorphins in blood plasma, which
indicates the activation of the stress-limiting
endogenous opiate system of the body. In
patients with type 3 combined injury, the content
of B-endorphins was higher than normal on the 7th
day in the control (12.73 + 1.6 pg/ ml) and the main
groups (154 £ 1.8 pg / ml). On the 14th day,
the growth of B-endorphins stopped in both clinical
groups. High levels of B-endorphins in patients
with type 3 combined injury are due to the lack
of violations of regulatory mechanisms at the level
of the hypothalamic-pituitary system, which are
present in patients with severe trauma. The obtained
data clearly indicate a positive therapeutic effect
of dynamic electrical stimulation on the stress-

limiting endogenous opiate system (Table 1).
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Table 1
Dynamics of the content of f-endorphins
in the plasma of patients during postoperative

rehabilitation
Stress-limiting system - endorphins
Clinical group (mr/mur)
Day 7 Day 14
indicator 1 5 311 o8 5314128
healthy person
control 12,73+1,6 12,8+1,8
p,<0,05 p,<0,05
15,4+1,8 13,13+1,9
main p,<0,05 p,<0,05
p,>0,05 p,>0,05

* Note: p, — comparison of obtained indicators with
the indicator of a healthy person; p, — statistical significance
was compared between the controf and main groups.

Analysis of the stress- releasing body system
indicators showed that the content of ACTH
and cortisol gradually decreased in all patients
during postoperative rehabilitation. However,
it was statistically established that the rates
of patients who received TES stimulation dropped
to normal much faster. In patients with mild
trauma and severe trauma of the zygomatic-orbital
complex,thecontentofACTH (35.67+3.42pg/ml)
and cortisol (309.9 = 12.3 nmol / I) on the 14th
day was significantly lower in the main group than
that in the control (ACTH —44.62 = 4.37 pg / ml;
cortisol — 364.4 + 16.3 nmol / I). These results
can be explained by the severity of injuries
that caused disturbances in the hypothalamic-
pituitary system. The use of transcranial electrical

A

stimulation helped to regulate the release of stress-
releasing hormones into the blood and reduce
the level of stress and anxiety in patients in
the postoperative period (Table 2).

When assessing the stress index, on the 7th day
after surgery, the indicators were found to be less
than 0.3. This indicates that most patients with
combined trauma develop a stress response to
the trauma, which indicates the maximum stress
of the body non-specific adaptation systems.
It should be noted that in patients of the main
group, the Garkavi index on the 7th day showed
a training reaction. Examination on the 14th day
revealed that stress reactions stopped and turned
into a training response in both clinical groups
with slightly higher rates in the main group
(control group — 0.41 = 0.05; main group —
0.44 + 0.040) (Table 3).

Table 3
Dynamics of the stress index of patients
during postoperative rehabilitation

. . Garkavi stress index
Clinical group
Day 7 Day 14
indicator 0,35+ 0,09 0,35 + 0,09
healthy person
control 0,27+0,03 0,41+0,05
p,>0,05 p,<0,05
0,29+0,03 0,44+0,04
main p,>0,05 p,<0,05
p,>0,05 p,<0,05

* Note: p, — comparison of obtained indicators with
the indicator of a healthy person; p, — statistical significance
was compared between the controf and main groups.

Table 2
Manifestations of stress reactions in the blood of patients with combined trauma
of the middle facial zone of varying severity
Stress- releasing system
Clinical group ACTH (pg/ ml) Cortisol (nmol /1)
Day 7 Day 14 Day 7 Day 14
indicator 34,18+ 1,79 34,18+ 1,79 299.83 +10,57 299.83 +10,57
healthy person
control 47,53+5,34 44,62+4,37 379,5+16,7 364,4+16,3
p,<0,05 p,<0,05 p,<0,05 p,<0,05
39,69+3,46 35,67+3,42 362,4+15,9 309,9+12,3
main p,>0,05 p,>0,05 p,<0,05 p,>0,05
p,>0,05 p,>0,05 p,>0,05 p, <0,05

* Note: p, — comparison of obtained indicators with the indicator of a healthy person; p, — statistical significance was

compared between the control and main groups.

VIA STOMATOLOGIAE

Tom 1 Ne 1 (2024)




VIA STOMATOLOGIAE

A

Analysis of the obtained results. Our
studies indicated that the content of stress-
limiting hormones B-endorphins in the plasma
of the main group patients on the 7th day was
higher than that of the control (15.4+ 1.8 pg/ml to
12.73 + 1.6 pg / ml with p> 0.05), indicating
apositive therapeutic effect of transcranial electrical
stimulation on the stress-limiting endogenous
opiate system. By the 14th day, the indicators
of control and the main group had already differed
little from each other and tended to decrease.

The contents of ACTH and cortisol, which mark
the stress-releasing system, were characterized by
a moderate increase on the 7th day with a gradual
decrease on the 14th day. Thus, in the control
group they were as follows: ACTH — 47.53 +
5.34pg/mland44.62+4.37 pg/ml, cortisol-379.5
+ 16.7 nmol / | and 364.4 + 16, 3. A similar trend
could be observed in the examination of the main
group patients, but it was statistically established that
these indicators during TES stimulation decreased to
normal much faster (ACTH — 39.69 + 3.46 pg / ml
and 35.67 + 342 pg / ml, cortisol — 3624 +
15.9 nmol /1 and 309.9 + 12.3 nmol / I).

The obtained data will allow to assert that
transcranial electrical stimulation provided regulation
of the release of stress-releasing hormones into
the blood and reduction of stress levels and anxiety in
patients in the postoperative period.

These data were confirmed by the indicators
ofthe Garkavi stress index. In all patients on the 7th
day of observation, this figure was less than 0.3.
Thus, in the control group it made up 0.27 + 0.03,
while in the main — 0.29 + 0.03, which indicated
that such patients develop a stress response to
trauma with the maximum stress of the body non-
specific adaptation systems.

Examination on the 14th day showed that stress
reactions stop and turn into a training reaction in
both groups. However, in the main group, these
phenomena occur more intensely, as indicated
by the digital data of the Garkavi index (0.41 +
0.05 in the control to 0.44 + 0.04 with p <0.05 in
the main group).

Conclusions. The post-traumatic period
in patients with the middle facial trauma is
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accompanied by stress disorders, confirmed
by hematological studies with a significant
increase in stress markers (ACTH and cortisol)
and an insignificant increase in anti-stress factors
in the blood. Insufficient stress-limiting function
of the hypothalamic-pituitary system slows down
the healing process and requires appropriate
correction.

To improve the postoperative rehabilitation
period, it is recommended to supplement
the traditional scheme of conservative treatment
with 10 sessions of transcranial electrical
stimulationinthemode of DPS=5%,70Hz,0.11 ms
with a session duration of 35 minutes once
a day. This scheme acts on the main pathogenetic
links of complications during the postoperative
period of treatment of patients with middle
facial fractures, is minimally invasive, easily
tolerated by patients, and has a limited number
of contraindications.

The consequence of combined mid-facial
trauma is the occurrence of a stress response,
which manifests itself in the imbalance of CNS
regulatory function. The use of transcranial
electrical stimulation helped to normalize
the tone of anti-stress defense mechanisms,
stimulated endorphin structures of the brain
and reduced the intensity of pain in patients
with combined mid-facial trauma. Already on
the 7th day, the content of stress-limiting hormones
B-endorphins in the plasma of patients of the main
group was higher compared to that of the control
(154 + 1.8 pg/ ml to 12.73 + 1.6 pg / ml with
g > 0.05), indicating a positive therapeutic effect
of transcranial electrical stimulation on the stress-
limiting endogenous opiate system.

Prospects for further research. Stress that
occurs in patients with combined mid-facial trauma
in response to trauma causes significant changes
in the stability of the balance of the sympathetic
and parasympathetic divisions of the autonomic
nervous system, which is characterized by impaired
cardiovascular and regional blood flow. The
application of the proposed course of transcranial
electrical stimulation in postoperative
rehabilitation helps to reduce these manifestations,
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helps to restore the conduction of nerve trunks,
has an anti-edematous effect on the soft tissues
oftheinfraorbital area and improves hemodynamics
of the infraorbital artery and vein. Improving

A

this method and finding new modes of activity
of the centers of the hypothalamic-pituitary system
can significantly improve the quality of treatment
of patients with this pathology.
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