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Abstracts

Purpose — to study the influence of different training models during long-term rehabilitation on the
re-adaptation of special units’ military personnel (SUMP); to determine the most informative biomarkers
for assessing the manifestations of short-term adaptation and compensatory reactions to strength loads
during the re-adaptation.

Material and methods. 45 SUMP aged 24-26 years were examined after injuries during long-
term rehabilitation. Participants were divided into three groups of 15 servicemen. The duration of the
study was 70 days. The first group used classical protocols for rehabilitation classes. The experimental
models of classes for re-adaptation using the main components of power fitness were developed for the
second and third groups of SUMP. Blood biomarkers were used to determine the features of adaptive and
compensatory reactions to loads. Basal levels of CPK, LDH, cortisol, and testosterone in the blood of the
SUMP and changes in their parameters in response to the experimental test load (R.=0.67) were assessed.
Measurements were taken at both the start and end of the study.

Results. The study revealed that before the long-term rehabilitation phase the baseline levels of CPK,
LDH, and cortisol in the blood of the SUMP were nearly at the upper limit of the reference range. In response
to the test load, all participant groups exhibited an increase in LDH levels, a decrease in cortisol concentration,
while CPK and testosterone levels remained unchanged. After 70 days of implementing the proposed training
protocols, the baseline levels of biomarkers in the SUMP participants of the first group exhibited a slight
reduction. The response of biochemical indicators to the test load remained consistent with the observations
recorded at the beginning of the study. SUMP of the second and third groups showed a significant decrease in
the baseline level of CPK, LDH, and cortisol in the blood against the background of an increase in testosterone,
which indicates pronounced re-adaptation processes. In response to the load, participants in the second group
exhibited a slight increase in blood levels of CPK and testosterone, whereas LDH and cortisol levels showed
a significant rise. In contrast, the third group of SUMP exhibited a several-fold increase in blood levels of
CPK and testosterone in response to acute stress compared to the second group. LDH and cortisol levels in
the third group showed negligible changes following stress exposure.

Conclusions. The use of CPK, LDH, cortisol, and testosterone in the blood as informative biomarkers
is objectively only for monitoring short-term adaptation processes or manifestations of compensatory
reactions in response to acute stress. The initial concentrations of these biomarkers did not provide
meaningful diagnostic information, considering the previous (before injuries) high resistance to loads.
The study showed that the most pronounced re-adaptation processes during long-term rehabilitation were
observed under isolated exercises combined with high-intensity loads, particularly when operating within
the creatine phosphokinase energy supply mode.

Key words: military personnel, re-adaptation, test load, compensatory reactions, rehabilitation, blood
biomarkers.
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Meta — BUBYUTH O0COOIMBOCTI BIUTUBY PI3HUX MOJENEH 3aHATh Y Nepiol JOBrOTpUBaol peadimitamii
Ha TIPOIeCH peajanTarii BiﬁCLKOBOCHyX(6OBHiB CIIELIAIEHUX ninpominiB (BCII); Bu3HaunTH HAWO1IBII
iHdopMaTHBHI 6iOMApKEpH OLIHKH MPOSIBIB KOPOTKOYACHOI ajanTalii Ta KOMICHCATOPHUX PeaKiiil ix
OpraHi3My Ha CHIIOBI HABAHTAXKCHHSI B NPOLIECI peajianTarii.

Marepiau i metoau. O6crexxeno 45 BCII Bikom 24—26 pokiB micis IOpaHEeHb Y NepioJ] JOBIOTPUBANIOT
pealimiTailii. Y4aCHHUKIB PO3AINCHO Ha TPU IPyIIH 110 15 BificbKoBOCTYK00BIIB. TpHBATICT HOCIIKCHHS
crarosuia 70 1i0. BCII nepiuioi rpyrii BUKOPHCTOBYBAITH «KIACHYHI) MPOTOKOIH 3aHATH 3 PeadimTaLli.
Jist BilCbKOBOCITY’KOOBLIIB APYroi Ta TPeTbOi rpym Oyin po3poOiIeHi eKCIePUMEHTATbHI MOJEII 3aHATh
1St peaz[anTauu 3 BUKOPUCTaHHSIM OCHOBHHUX KOMIIOHEHTIB CHJIOBOTO (piTHeCy. {1 BU3HaYE€HHS 0CO0IH-
BOCTeIi aJ1aNTaliHO-KOMIICHCATOPHUX PEAKIliil Ha HABAHTAXKCHHS BUKOPHCTOBYBAIN OI0MAPKEPH KPOBI.
OuintoBaiy OasanbHuil pisens KOK, JIAT, kopruson, Tecroctepo y kposi BCII ta 3miHy ix mapamerpis
Y BIZUIOBIJb Ha CKCIICPUMEHTaNIbHE TecToBe HaaHTaxeHHs (R =0.67). Konrponb BinbyBascs Ha movarky
Ta HAIPHUKIHII JAOCITIKEHHS.

Pe3yabraTn. BeranosieHo, 110 mepes MOYaTKoOM eTamy JOBrOTpuBanoi peabimitarii Oa3anbHi piBHI
K®K, JIAT" Ta xopTuszony B KpOBi BCII niepebyBain IpakTHYHO y BEPXHIX Mexax pedepeHty. ¥ Biaro-
Bi/Ib Ha TECTOBC HABAHTAXXCHHS y OOCTEKEHHUX YCIX TPYI HMIABUILYHOTECS mapamerpu JI/T, sHmKyeThes
KopTu301 Ta He 3MiHeThes KOK 1 Tectoctepon y kposi. BeranoBneHo, 1o micns 70 JHIB BUKOPHCTAHHS
3aIPOIIOHOBAHKX MOJeNeH 3aHsTh y oOcteskennx BCII nepuoi rpynu GasanbHi piBHI OioMapKepiB JIeMOH-
CTPYIOTh MiHIMaNbHE 3HIKCHHS. Y BIMOBIIb HA TECTOBE HABAHTAXCHHS BHSBICHO XapakTep 3MiH 0io-
XIMIYHHX TOKA3HUKIB, TOAIOHNMI pesynbraram Ha nodarky pocimimpkents. Cepex BCII apyroi ta tpersoi
TPYII BUSIBICHO CyTTeBE 3HIKEHHs OasanpHoro piss KK, JI/II, kopTu3omy B KpoBi Ha TiIi MM ABUILCHHS
TECTOCTEPOHY, L0 BKa3ye Ha BUPKCHI NPOLECH peajantauii. Y BIANOBIAb Ha HAaBaHTAKCHHS B JPyTiid
rpymi MiHiManbHO niasuutyetses KPK, TectoctepoH y KpoBi, ajne cyTTeBo 3poctators rnapamerpu JIIT
Ta koprusoiy. Onnax y BCII Tperpoi rpymnu y Binnosigs Ha rocrpe HaBaHTaxeHHs napaverpu KOK Ta
TECTOCTEPOHY B KPOBi MOPIBHSHO 3 pe3ynbTaTaMi APYroi IPyIi MiABHILYIOTCS B AeKinbka pasis. ITpn
upomy JIZIT' Ta KOpTH3011 y KPOBI BIHCBKOBOCIYKOOBLIB TPETHOI IPYIIH IICIHIS HABAHTAKCHHS IIPAKTHIHO
HE 3MIHIOIOTHCSL.

BucnoBku. Bukopucranns KOK, JI/IT, koptuzony Ta TECTOCTEPOHY B KPOBI 5K lH(I)OpMaTI/IBHI/IX 0io-
MapKepiB 00’ €KTUBHO JIHLLIE [JIs] _KOHTPOJIIO 32 TPOLECaMH peastizanii KOpoTKouacHoi aganraii abo mpo-
sIBAMH KOMIICHCATOPHUX PEAKLiil y BIAMNOBIAb HA TOCTPE HaBaHTaXCHHs. BuxijHi OasaiibHi napamerpu
Taknx GiOMapKepis, BPAaXOBYIOUH HOMEPE/HIii (10 MOpaHeHb) BUCOKHII piBeHb pesuctentHocTi BCII 10
HABAHTAKCHb, € MATOIHQOPMATHBHUMHU. BCTaHOBIEHO, 110 HAMOUIBII BUPAKCHI MPOLECH peajjarTarii
B OpraHi3mi BCII y Iepiof] 10BrOTpUBAIO] pea61n1Tau11 Bi10yBalOTHCS 32 YMOB BUKOPHCTAHHS 130J1bOBa-
HUX BIpaB y MOEIHAHHI 3 HABAHTAKEHHSMH BHCOKOI IHTEHCHBHOCTI B yMOBax KpeaTrH(pochokiHa3HOTO
eHepro3zade3neyeHHs.

Kurouosi ci10Ba: BilicbKOBOCTYKO00BIIl, peaanTallis, TECTOBE HABaHTA)KEHHs, KOMIICHCATOPHI PEaKIIi,
peabimitaris, 6ioMapKepu KpOBi.

Introduction. Developing an effective sys-
tem for monitoring the re-adaptation processes
in military personnel of special units remains a
subject of ongoing debate among many research-
ers [5; 6; 18]. The complexity of implementing
this problem is associated with the previous high
resistance of SUMP to various loads, which in
most cases eliminates the effectiveness of using
classical diagnostic indicators for rehabilitation.
At the same time, the absence of a clear mech-
anism for correcting loads during the post-acute
rehabilitation stage based on physiological and
biochemical control methods negatively affects
the frequency of manifestations of compensa-
tory reactions to the stimulus [2; 7]. A mismatch
between the applied loads and the initial resist-
ance levels, and adaptive reserves of the exam-

ined SUMP before long-term rehabilitation, is
likely to intensify adaptation failure [3; 9]. The
study of this problem is to determine the opti-
mal combination of biomarkers for defining the
nature of adaptive and compensatory reactions
to stress. However, in their works, researchers
[1; 8; 9] demonstrate disagreement regarding
the effectiveness of using the optimal set of bio-
markers to assess adaptation failure, re-adapta-
tion, and adaptation to various loads.

When studying the problem of finding effec-
tive ways to accelerate SUMP re-adaptation in
different periods of rehabilitation, the issue of
the feasibility of using classical protocols is
quite controversial [5; 16]. The difference in per-
spectives can be attributed to the varying levels
of practical training among rehabilitation spe-
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cialists and their understanding of contemporary
approaches to diagnosing adaptive failure and
guiding the re-adaptation process [1; 4]. One of
the key aspects of developing effective models
for SUMP during long-term rehabilitation is the
analysis of the interaction between the stimulus
magnitude and the physiological processes of
re-adaptation [11; 15]. The feasibility of using
some combinations of load regimes, principles,
and innovative means inherent in power fitness
for SUMP re-adaptation after injuries is a debat-
able issue [2; 6; 9]. However, these issues remain
unresolved in fundamental scientific research
using various physiological and biochemical
methods for monitoring re-adaptation processes.

Purpose of the study — to explore the influ-
ence of different training models during long-
term rehabilitation on the re-adaptation of spe-
cial units’ military personnel; to determine the
most informative biomarkers for assessing the
manifestations of short-term adaptation and
compensatory reactions to strength loads during
the re-adaptation.

Material and methods. Forty-five mem-
bers of special military units, aged 24-26 years,
with marked hypokinesia as a result of extended
hypodynamia due to neuromuscular system
injury, were included in the study. Previously,
the participants used classical physical ther-
apy protocols during 43—45 days of acute and
post-acute rehabilitation periods after mine and
blast injuries. Considering SUMP’s high resist-
ance to a stressful stimulus, they were divided
into groups (3 groups of 15 people) by random
sampling. The research was conducted in 2024
at the branches of the Research Center of Mod-
ern Kinesiology “KINEZUS” (Kyiv, Odessa,
Chernivtsi, Ukraine). The Bioethics Committee
of Lesya Ukrainka Volyn National University,
Ukraine, approved the study design. After being
informed of the risks and benefits of the study,
participants signed an informed consent form
prepared following the ethical standards of the
Declaration of Helsinki.

Test load. A test load was developed to assess
the resistance of the study participants to the
stressful physical stimulus. Due to the lack of
information about the initial state of hypokinesia
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of the SUMP, during the development of the test
load, one of the specific principles of premature
fatigue in power fitness was used [4; 6]. Isolated
auxiliary exercises are employed to apply load
until the energy reserves of muscle groups syn-
ergistic to those requiring re-adaptation are fully
depleted. Premature fatigue of mainly synergist
muscle groups will allow reducing the parame-
ters of the load value and maximally loading the
agonist muscles, taking into account their ability
to counteract the stimulus. Under these condi-
tions, the parameters of the load value (dumb-
bells, exercise machines) for muscle groups that
require re-adaptation can be reduced by 25-30%
compared to synergists. One of the important
aspects in developing test load for this category
of SUMP is the need to use a medium-intensity
load regime (R, = 0.65-0.67) [5]. In the given
loading conditions, energy production occurs
via simultaneous engagement of the creatine
phosphate system and intramuscular glycogen
stores [15]. That is, to ensure counteraction to an
external stress stimulus, a portion of the energy
reserves of the creatine phosphokinase mecha-
nism (25%) and anaerobic glycolysis (75%) are
sequentially involved [2; 12]. The technique is
modified, particularly by adjusting the amplitude
and duration of the eccentric phase of movement
to minimize the involvement of stabilizer muscle
groups during test exercises. During the initial
two sets of each of the four exercises, fatigue
manifested primarily in the active synergist mus-
cle groups, whereas in the final two sets, it was
predominantly observed in the agonist muscles.
The number of repetitions under the conditions
of this load regime was 8—10, which is sufficient
for partial depletion of the reserves of anaerobic
energy supply mechanisms in SUMP. The struc-
ture of the strength exercises used in the test load
depended on the characteristics of the damage to
the peripheral parts of the neuromuscular system
of the study participants. Rest intervals between
test exercises were within 50—60 s.

Biochemical parameters. The biochemical
research methods were used to determine the
effectiveness of implementing short-term adap-
tation, or possible manifestations of compensa-
tory reactions to a given stress stimulus [2; 9; 15].
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The activity of the lactate dehydrogenase
(LDH) and creatine phosphokinase (CPK) in
the SUMP’s blood serum was determined by the
kinetic method on the equipment of the company
“High Technology Inc” (USA) with a set of rea-
gents PRESTIGE 241 LQ LDH (Poland). The
testosterone and cortisol levels in serum were
measured using enzyme-linked immunosorbent
assay (ELISA) with the SteroidIFA-Testoster-
one reagent Kit on instrumentation provided by
“Alkor Bio”. Reference values of the studied
biochemical indicators in the blood serum of the
participants, taking into account age characteris-
tics, were the following: CPK (40-270 units/l),
LDH (195-462 units/l), cortisol (150-660
nmol/l), and testosterone (8.64-29.01 nmol/l).
\enous blood collection was conducted by quali-
fied medical laboratory staff within a specialized
department of the “KINEZUS” centers, adher-
ing to internationally recognized protocols for
medical and biological research. Control blood
sampling was carried out at rest before and after
the test load. The obtained samples were stored
in special refrigerated boxes, and after comple-
tion of the sampling, they were immediately sent
to the medical laboratory. Comparative analy-
sis was performed at baseline and following a
70-day period during which the SUMP groups
engaged in the prescribed exercise models as
part of their re-adaptation process.

Organization of research. The research was
conducted in several stages during 2024.

At the first stage, a comparative analysis was
conducted to evaluate the effectiveness of train-
ing programs aimed at the re-adaptation of func-
tional capacities and the neuromuscular system
status in SUMP personnel during the acute and
post-acute rehabilitation periods. First, attention
was paid to analyzing the results of biochemical
blood tests conducted in medical institutions dur-
ing this rehabilitation period. The primary focus
was on assessing the dynamics of basal activity
levels of key enzymes and the concentrations of
steroid hormones in the blood serum of the study
participants. The results allowed determining the
nature of SUMP re-adaptation with some lesions
of the neuromuscular system during these reha-
bilitation periods. However, studies concerning

the changes in key enzymes and hormones in
the blood in response to acute stress were not
conducted. Data on potential manifestations of
short-term adaptation or the activation of com-
pensatory responses to stress stimuli in SUMP
are lacking. Therefore, accurately characterizing
the dynamics of functional re-adaptation pro-
cesses in this cohort during the 43—45-day acute
and post-acute rehabilitation periods remains
practically unfeasible. Evaluating the mecha-
nisms underlying SUMP re-adaptation during
prolonged rehabilitation with different strength
training models requires a well-founded selec-
tion of informative biomarkers.

During the second stage, at the study’s onset,
changes in biomarkers (CPK, LDH, cortisol, and
testosterone) in the blood of the examined SUMP
were assessed in response to a stress stimulus and
compared to their resting state. A test load was
designed and implemented at the study’s outset
to evaluate the resistance of study participants
to a stressful stimulus (power loads). One of the
tasks of this stage was to assess the capacity of
SUMP, following 45 days of prior rehabilita-
tion, to initiate short-term adaptive responses or
exhibit compensatory mechanisms in reaction to
a stress stimulus. Accordingly, the main stress-
ful stimulus was the test load we developed. Two
experimental models of re-adaptation training
sessions were developed based on the findings
and SUMP professional profiles and their phys-
iological resistance to power loads. For creat-
ing these models, specific principles related to
fitness, load regimens, and exercise complexes
were applied to facilitate the re-adaptation of
functional capabilities throughout the long-
term rehabilitation period of SUMP. During the
design of the training sessions, key challenges
related to the re-adaptation of individuals with
peripheral neuromuscular system injuries result-
ing from mine and blast trauma were carefully
considered.

At the third stage, specific exercise models
were assigned to each of the three SUMP groups
to evaluate the effectiveness of re-adaptation
processes during the initial phase of long-term
rehabilitation. Participants in the first group fol-
lowed a classical training regimen during the
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70-day rehabilitation period. Participants in the
second group underwent the experimental train-
ing model 1 throughout the study period. The
third SUMP group was assigned experimental
model 2 to potentially achieve enhanced re-ad-
aptation during long-term rehabilitation. At the
end of this stage, the adaptive and compensa-
tory responses to the stressful stimulus were
re-evaluated in participants in all three groups.
The baseline levels of the monitored biomarkers
were established, and their changes in response
to the test load were analyzed. The load parame-
ters were calculated depending on the value of 1
RM, which SUMP could demonstrate while per-
forming isolated exercise for one muscle group.
Throughout all stages of the study, a comparative
analysis was conducted on the changes in blood
biomarkers in SUMP both at rest and following
the test load. The results were processed.
Statistical analysis. Using the IBM *SPSS*
Statistics 27 software package (StatSoftinc.,
USA), statistical analysis of the study results was
performed. The G-Power 3.1.96 program allowed
for determining the smallest sample size for the
study (calculation of statistical power). Nonpara-
metric methods of statistical analysis were used.
The median (Me) and interquartile range (IQR)
were determined. The Kruskal-Wallis test was
employed to compare baseline parameters across
the groups established at the study’s onset. For
comparisons between two related samples, the
Wilcoxon signed-rank test was applied.
Research results. Fig. 1 presents experimen-
tal models of exercises for re-adaptation of the
cardiovascular system after prolonged hypody-
namia due to damage to the peripheral parts of
the neuromuscular system. These models are
designed for the initial periods of the long-term
rehabilitation. The peculiarity of each of the
presented models depends on the content and
parameters of its main components: the variabil-
ity of the combination of physical exercises, the
intensity of the load regime, the mechanism of
energy supply and the level of adaptive reserves,
the periodization of loads, and the mechanism of
their correction. A comparative analysis of the
sets of exercises used in each of the presented
power fitness and MMA training models, vary-
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ing in complexity and energy expenditure, shows
that it is necessary to address multiple tasks at
the same time.

Model 1 is characterized by the predominant
use of fundamental strength fitness exercises that
engage agonist, synergist, and stabilizer muscle
groups simultaneously. This approach prioritizes
exercises utilizing body weight, dumbbells, and
partner resistance. However, in conditions of
insufficient re-adaptation of these muscle groups
during the previous rehabilitation periods, which
are agonists in the basic exercises, it can lead
to selective hypertrophy of synergists and com-
plicate the situation [2; 17]. Under these condi-
tions, a new problem arises, which is associated
with the need to conduct additional studies using
electromyography methods. The study results
allow for determining the index of the number
of active motor units (MUNIX) in damaged
muscle groups, which are primarily agonists. An
interesting solution is the simultaneous use of a
low (R,=0.56) and medium intensity (R.=0.67)
exercise regime in combination with the anaer-
obic glycolysis mechanism, which ensures ATP
resynthesis in the energy supply process.

The key feature of model 2 is the use of iso-
lated exercises (subtractive and basic) for the
sequential involvement of mainly synergist,
stabilizer, and partially agonist muscle groups.
Preference is given to a combined complex of
special isolated exercises (simulators, exercises
with resistance to the efforts of another person)
of power fitness and MMA for the re-adaptation
of affected muscle groups. It is isolated exercises
(with resistance to the efforts of another person),
similar to the technical elements of MMA, allow-
ing for loading agonist muscles under conditions
of prior fatigue of synergists. Under these con-
ditions, applying a high-intensity load regimen
(R,=0.74) alongside the creatine phosphokinase
energy supply mechanism influences the level of
resistance during SUMP re-adaptation.

Figure 2 graphically presents the changes in
creatine phosphokinase in the blood of SUMP
during a given period of long-term rehabilitation
in response to test loads.

Initial findings indicate that baseline CPK
activity in the blood of all SUMP participants
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Free-weight exercises: the load correction is
carried out by altering the body position and
shifting the center of gravity, which affects the
number of muscle groups engaged simultaneously

Exercises with dumbbells: load correction is
achieved by modifying the technique (movement
amplitude, pace), the duration of muscle activity,
and the number of stabilizer muscle groups
involved, which results from changes in the
position of body parts in

Exercises involving resistance from another
person: load correction is achieved by increasing
the partner’s muscle efforts, altering the
biomechanics of movements, and reducing the
activation of stabilizer muscle groups

A combined set of special isolated exercises
(exercises involving resistance from another
person, machine exercises) of power fitness and
MMA for readaptation of affected muscle groups

An algorithm for using auxiliary isolated
exercises (with resistance from another person)
for premature fatigue of stabilizer muscles and
partly synergists

A set of isolated machine exercises designed to
load agonist muscles following prior fatigue of
synergist muscles

Isolated exercises (with resistance from another
person) resembling technical elements of MMA,
aimed at loading agonist muscles after prior
fatigue of synergist muscles

Mainly basic power fitness exercises are used with
the simultaneous involvement of agonist, synergist,

and stabilizer muscle groups:

Isolated exercises (auxiliary and basic) are used to
consistently involve mainly synergist, stabilizer, and

partially agonist muscle groups:

A high-volume, low-intensity
training load regime (Ra=0.56)
is used; in some cases, a
medium-volume, low-intensity
regime (Ra=0.67) is used.

4

Features of
load modes \

Clas

ha

F eatures of phystcal

exercises

model 1

Mechanisms of energy supply | o
for muscle activity

Under the specified training load
conditions, anaerobic glycolysis
mechanisms were activated. Muscle
glycogen is the main energy source
for ATP resynthesis.

Load parameters vary within 55-68% of 1 RM.
The number of repetitions in a set is within 7-8
to 10-12 in most cases. The total number of
exercises in a set is 8-10. The set duration is
about 60-70 minutes. Rest intervals between a
series of sets are 48 hours. The main assessment
criterion is quantitative indicators within the
specified limits of 1 RM.

\/

W \
/ of loads

g

A low-volume, high-intensity
training load regime is used
(Ra=0.72).

4
Features of
/ load modes

“~wa [ Mechanisms of energy supply
for muscle activity

model 2

Under this training load regime,

the creatine phosphokinase energy
supply mechanism is used. Creatine
phosphate is the main energy source
for ATP resynthesis

Load parameters vary within 70-75% of 1 RM.
The number of repetitions in a set is within 5-6
until the working muscle groups fatigue. The
total number of exercises in a set is 8-10. The
set duration is about 35-40 minutes. Rest
intervals between a series of sets are 24 hours.
The main evaluation criterion is the magnitude
of the stimulus (% of 1 RM).

Fig. 1. Experimental training models for SUMP re-adaptation during long-term
rehabilitation following damage to the peripheral components of the neuromuscular system
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was near the upper level of the reference range.
Following the application of the test load, CPK
levels remained statistically unchanged across
all three groups when compared to their baseline
measurements.

After 70 days of implementing these train-
ing models, a significant reduction in the base-
line levels of CPK activity was observed in the
blood of SUMP participants across all groups.
The most pronounced decrease in this indicator
in the blood by 31.3% was observed among the
third group representatives. The smallest, but at
the same time significant, decrease in the basal
level of this enzyme by 10.1% was recorded in
the SUMP of the first group. In response to the
test load, the CPK activity in the first group, as
at the beginning of the study, did not change.
At the same time, CPK activity increased in the
blood of the second (+3.1%) and third (+28.8%)
groups in response to the given stress stimulus.

The data presented in Figure 3 illustrate
changes in lactate dehydrogenase activity in
the blood of all SUMP groups during long-term
rehabilitation in response to test load.

At the onset of the study, baseline lactate
dehydrogenase levels in the participants’ blood
were within the established reference range and

284,0
276,0 ——
268,0
260,0
252,0
244,0
236,0
228,0
220,0
212,0
204,0
196,0
188,0
180,0

CPK, units/I

Basal parameters

At the beginning of the study

Bgroup 1

After test load

Egroup 2

showed no significant differences between the
groups. In response to the test load, the activity of
this enzyme in the blood increased by an average
of 11.8% among representatives of all groups.
However, the results obtained after applying a
stressful stimulus exceed the upper limits of the
reference values.

Analysis of the results recorded after pro-
longed use of the specified models of re-adap-
tation classes indicates a decrease in the basal
level of LDH in the blood of representatives of
all groups. The most pronounced decrease in
the basal level of LDH in the blood by 27.7%
was observed among the third group of SUMP.
Minimal but significant changes in this indicator
by 6.7% compared to the initial data were found
among the first group participants. The results
obtained in response to the test load showed that
LDH activity in the blood of SUMP of the first
(+10.7%) and second (+8.5%) groups signifi-
cantly increased.

Figure 4 presents the results illustrating changes
in blood cortisol levels among SUMP participants
from the examined groups during long-term reha-
bilitation in response to test loading.

The initial results indicate that baseline corti-
sol concentrations in the blood of all examined

2%

1*
-
2%
1*
I ! I

After test load

Basal parameters

After 70 days of re-adaptation using the given
training models

Ogroup 2

Fig. 2. Changes in the CPK activity in the blood of SUMP during long-term
rehabilitation in response to test loads, n=45
Note: 1* — p<0.05 compared to the indicators at the beginning of the study (baseline parameters);

2* — p<0.05 compared to the indicators before the load
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500,0 ok o 2¥
D%
480,0 _1_
460,0 2%
T 4400
+
=]
) 420,0 1% T
2
= 400,0
380,0 1*
360,0
340,0
320,0 { 1* |—I—|
300,0
Basal parameters After test load Basal parameters After test load
At the beginning of the study After 70 days of re-adaptation using the given

training models

B group 1 Bgroup 2 Ogroup 2

Fig. 3. Changes in lactate dehydrogenase activity in the blood
of all SUMP groups during long-term rehabilitation in response

to test load, n=45

Note: 1* —p<0.05 compared to the indicators at the beginning of the study (baseline
parameters); 2* — p<0.05 compared to the indicators before the load

600,0
1*
550,0 1
500,0
= 2% 2%
=}
g 450,0 i 2%
g
=
g 4000 1
350,0
*
300,0 p* F2
250,0 | | | | |j Ij
Basal parameters After test load Basal parameters After test load
At the beginning of the study After 70 days of re-adaptation using the given

training models

M group 1 @group 2 Ogroup 3

Fig. 4. Changes in cortisol concentration in the blood of all SUMP
groups during long-term rehabilitation in response to test load, n=45

Note: 1* —p<0.05 compared to the indicators at the beginning of the study (baseline
parameters); 2* — p<0.05 compared to the indicators before the load
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SUMP participants were close to the upper limit
of the reference range. In response to the test
load, the cortisol concentration in the blood sig-
nificantly decreased among representatives of all
groups within 15.8-21.2%.

Laboratory assessments conducted at the end
of the study revealed a distinctly variable pattern
of reduction in baseline cortisol concentrations
among the SUMP participants across the examined
groups. The minimum decrease in the parameters
of this indicator by 3.9% was observed among the
participants of the first group. At the same time, in
the third group of SUMP the basal level of corti-
sol concentration in the blood serum decreased by
49.2%, compared with the initial data. Analysis
of the responses to the test load revealed a 16.5%
decrease in blood cortisol concentration in the
VSPs of the first group. An increase in blood cor-
tisol levels in response to the stress stimulus was
observed in participants of the second (+13.0%)
and third (+2.7%) groups.

Figure 5 illustrates the patterns of changes in
blood testosterone concentration among SUMP
across the examined groups during the specified
period of long-term rehabilitation in response to
test loads.
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~]

Basal parameters After test load

At the beginning of the study

Egroup 1
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At the study’s outset, baseline testosterone
levels in the blood of the examined subjects were
within the reference range and showed no signif-
icant differences between the groups. In response
to the test load, the concentration of the studied
hormone in the blood serum did not exhibit sig-
nificant changes in SUMP participants across all
three groups.

Analysis of the results of prolonged appli-
cation of the re-adaptation training models
revealed an increase in baseline blood testoster-
one levels in participants of the second (+9.7%)
and, notably, the third (+34.5%) groups. There
was a significant increase in the blood testos-
terone concentration of the second (+4.1%) and
third (+22.9%) groups of SUMP in response to
the test load. Participants in the first group exhib-
ited no changes in baseline blood testosterone
levels, nor were any alterations in hormone con-
centration observed in response to the test load
throughout the study.

Discussion. This study highlights research
efforts aimed at addressing a critical challenge
in long-term rehabilitation: identifying reliable
biomarkers for evaluating re-adaptation pro-
cesses [3; 9; 14]. The complexity of solving this

z

T

2%

After test load

Basal parameters

After 70 days of re-adaptation using the given
training models

Ogroup 3

Fig. 5. Changes in testosterone concentration in the blood of all SUMP

groups during long-term rehabilitation in response to test load, n=45

Note: 1* — p<0.05 compared to the indicators at the beginning of the study (baseline
parameters); 2* — p<0.05 compared to the indicators before the load
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problem is associated with the high resistance of
SUMP to stressful stimuli, which existed before
injuries. We studied the manifestations of short-
term adaptation and compensatory reactions of
the examined SUMP to acute power loads, using
a wide range of biochemical research methods
[2; 15]. The experimental class models were
designed using power fitness methods, MMA
training protocols, and test loads to evaluate
adaptive and compensatory responses to stim-
uli. Re-adaptation processes in SUMP, occurring
against the background of pronounced hypoki-
nesia, were investigated under prolonged appli-
cation of various experimental training models.
The results indicate that the initial basal parame-
ters of the most common biomarkers for assess-
ing maladaptation processes [3; 9; 12] only par-
tially reflect the state of hypokinesia in SUMP
during the rehabilitation period. The study estab-
lished that blood biomarkers could detect man-
ifestations of short-term adaptation or compen-
satory responses in SUMP only following acute
test loads. The results obtained will contribute
to solving the problem of finding optimal train-
ing models to increase the efficiency of SUMP
re-adaptation processes during long-term reha-
bilitation. These findings positively contribute to
resolving the question of the viability of using
LDH, CPK, cortisol, and testosterone as inform-
ative biomarkers for evaluating VSP re-adapta-
tion processes.

The inadequacy of monitoring re-adaptation
processes in SUMP body systems during various
stages of rehabilitation, particularly in the long-
term, complicates the selection of optimal physi-
cal activity regimens [5; 17]. Considering the
previously high stress resistance in special unit
military personnel before the onset of hypoki-
nesia, the application of conventional physical
rehabilitation protocols proves to be ineffective
[1; 4; 6]. In most cases, this issue arises from
a lack of practical understanding of the mech-
anisms for adjusting load regimes and training
models for SUMP, particularly in the context of
adaptive failure [9; 18]. The limited number of
studies addressing this issue in the global scien-
tific literature [7; 8; 14] further complicates the
identification of optimal blood biomarkers for

assessing SUMP re-adaptation following pro-
longed hypodynamia caused by injury.

The study proved that before the start of the
long-term rehabilitation stage, the basal blood
levels of CPK, LDH, and cortisol were within the
upper limits of the reference. These data indicate
a stressful state of the examined SUMP and pos-
sible manifestations of muscle adaptation failure
due to the inadequacy of loads to the adaptive
body reserves in previous rehabilitation [5; 6; 9].
In response to test power loads (R, = 0.65-0.67),
the examined participants of all groups showed
an increase in LDH activity above the upper lim-
its of the reference against the background of a
significant decrease in blood cortisol. During the
test load, both anaerobic mechanisms of energy
supply were involved, but the CPK activity in
the blood did not change. Similar changes in bio-
markers in response to a given stimulus indicate
low reserves of creatine phosphate and muscle
glycogen in the muscles and activation of com-
pensatory mechanisms (gluconeogenesis pro-
cess) [2; 15].

The changes observed in the studied blood bio-
markers in SUMP after 70 days of implementing
the proposed training models reflect the heteroge-
neous nature of their adaptive and compensatory
responses. In the first group participants, who used
classical protocols for physical rehabilitation, the
basal parameters of biomarkers demonstrated a
minimal decrease. In response to the test load,
the changes in the studied blood parameters of
this group were similar to the results recorded at
the beginning of the study. Consistent patterns of
simultaneous cortisol reduction and LDH eleva-
tion in response to physical load suggest sustained
activation of compensatory mechanisms, which
may contribute to the development of chronic
adaptation failure [9; 15, 16]. These results indi-
cate the low effectiveness of classical protocols
for physical therapy during long-term rehabilita-
tion on the processes of re-adaptation [4; 12]. This
may be due to the lack of an optimal mechanism
for correcting load regimes depending on the
specifics of changes in SUMP resistance during
re-adaptation [11; 14].

Laboratory findings from the other two
groups, who followed the experimental training
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models for 70 days, indicate effective re-adap-
tation processes, characterized by enhanced
adaptive reserves and increased physiological
resistance to a stressful stimulus. The detected
decrease in the basal level of CPK, LDH, and
cortisol in the blood of SUMP of the second
and third groups against the background of an
increase in testosterone indicates pronounced
processes of repeated long-term adaptation
[2; 3]. However, in response to the test load, the
variations in the analyzed biochemical blood
markers among participants of the second and
third groups exhibited certain differences. In
the second group, who used the load regime
(R,=0.67), there was a minimal increase in CPK
and testosterone in the blood, but a significant
increase in LDH and cortisol parameters. The
obtained data indicate the effectiveness of imple-
menting short-term adaptation mechanisms
under moderate intensity loads with anaerobic
energy supply due to increasing muscle glycogen
reserves [6; 15]. In the third group (R ,=0.72), in
response to acute stress, the parameters of CPK
and testosterone in the blood increased several
times, compared with the results of the second
group. Following the test load, LDH activity and
blood cortisol concentrations in the third group
remained virtually unchanged, indicating a sta-
ble physiological response. These changes in
the studied blood biomarkers under the specified
conditions suggest an enhancement of creatine
phosphate reserves and an increased physiologi-
cal resistance to stress stimuli [2; 12; 14].
Conclusions. The study results demonstrate
the feasibility of using CPK, LDH, cortisol, and
testosterone blood parameters as informative
biomarkers for assessing the SUMP re-adapta-
tion during long-term rehabilitation. However,
these blood biomarkers are objective only for
monitoring the implementation of short-term
adaptation, or manifestations of compensatory
reactions in response to acute stress. The initial
baseline levels of CPK, LDH, and cortisol in
the blood, considering the pre-injury increased
resistance of SUMP to stress loads, proved
to be non-informative. The most pronounced
re-adaptation processes in SUMP during long-
term rehabilitation were observed during isolated
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exercises combined with high-intensity loads
utilizing the creatine phosphokinase energy sup-
ply regimen. These findings will help in address-
ing the challenge of identifying effective mecha-
nisms for SUMP re-adaptation during long-term
rehabilitation and in developing an integrated
monitoring system based on an optimal set of
blood biomarkers.
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