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CONTINUOUS LONG-TERM RUNNING
AS A MEANS OF PHYSICAL
REHABILITATION FOR MILITARY
PERSONNEL OF AIRBORNE TROOPS

This article presents the results of a study aimed at developing a training methodology based on steady, continuous long-distance running
to restore the physical fitness and performance of wounded Airborne troops. This methodology aims to facilitate their rapid return to the combat
zone and to scientifically substantiate its effectiveness. A three-week training program was developed, including warm-up, base, and warm-up
microcycles aimed at gradually increasing the volume and intensity of running loads, developing overall endurance, speed, and sensory abilities.
A distinctive feature of the program is the individualization of the training process based on monitoring heart rate variability. The effectiveness of
the developed program was experimentally proven, as evidenced by statistically significant improvements in the morphofunctional indicators of
physical performance and physical fithess of the experimental group.

Analysis of heart rate variability dynamics demonstrated the program's ability to ensure an optimal level of adaptive capacity and prevent the
development of regulatory system overstrain. The results obtained can be used to improve the system of physical rehabilitation of military per-
sonnel and increase the combat readiness of Airborne Forces units.
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Introduction. Physical fitness is a key
element of military combat readiness,
especially for elite Airborne Forces units
operating in extreme conditions. Analysis
of combat injuries shows that the extrem-
ities are the most vulnerable, accounting
for 46% to 75% of all injuries. A significant
proportion of these injuries (42.5-54.3%)
are of a combined nature, and 9.5-14.4%
result in limb avulsion or destruction. The
main causes of such injuries are inju-
ries from small arms, artillery munitions,
and unmanned aerial vehicles (UAVs).
[14,15].

The urgency of the problem of rehabil-
itation for airborne troops after injuries is
driven by several factors. First, the high
intensity of modern military conflicts and
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the use of various types of weapons re-
sult in a significant number of wounded,
requiring effective rehabilitation meth-
ods to ensure their rapid return to duty.
Second, the consequences of injuries
can significantly reduce physical perfor-
mance and the body's functional capabil-
ities, limiting the combat effectiveness of
military personnel.

Physical inactivity during the recov-
ery period of military personnel after
injuries is a significant risk factor for
the development of obesity, which criti-
cally impedes the restoration of combat
readiness and a prompt return to duty.
Excess body weight reduces key phys-
ical performance indicators (endurance,
mobility) and increases the risk of co-
morbidities, making the development of
effective physical rehabilitation methods
extremely urgent. In this context, steady,
continuous long-distance running is
considered a key tool, as it specifically
promotes metabolic activation, improves
cardiorespiratory function, and reduces
weight, directly addressing the problem
of obesity prevention and accelerating
the readiness of military personnel for
combat missions [1, 3, 6, 10].

An important aspect of using running
exercises during the rehabilitation of mili-
tary personnel after injuries is the individ-
ualization of the training process taking
into account the body's functional capa-
bilities and current health status. In this

regard, the use of heart rate variability
(HRV) analysis appears promising, al-
lowing one to assess the body's adaptive
reserves and select optimal physical ex-
ercise regimens [2].

The aim of the study is to develop a
training method based on uniform con-
tinuous long-term running and to experi-
mentally prove its effectiveness in restor-
ing the physical fitness and performance
of wounded military personnel and their
rapid return to the combat zone.

Objectives:

1. To develop and scientifically vali-
date a training program for the physical
rehabilitation of military personnel, to en-
sure their rapid return to combat zones;

2. To experimentally demonstrate the
effectiveness of the developed training
program for the rehabilitation of military
personnel returning from hospitals.

Study materials and methods. The
study involved military personnel who
had returned to their home base after
receiving treatment for their wounds.
The average age of the participants was
31.2+4.3 years, body length 173.8+6.4
cm, and body weight 89.1+6.1 kg.

The study consisted of three stages
(Figure 1). The first stage (organization-
al) involved selecting candidates and
assigning them to the control (CG) and
experimental (EG) groups by randomiza-
tion, assessing their initial functional sta-
tus, performance, and physical fitness,



and developing a training program based
on the data obtained. The second stage
(formative experiment) consisted of con-
ducting training sessions with military
personnel according to the developed
program and adjusting training plans
based on heart rate variability indicators
and conducting tests to assess functional
status, physical performance, and phys-
ical fitness after completing the training
programs. The third stage — summariz-
ing the results — included mathematical
and statistical processing of the obtained
data, discussion of the study results,
drawing conclusions, and developing
practical recommendations.

Heart rate variability analysis was
used to assess functional status. The
analysis was conducted within an hour
of arriving for duty in the morning. Be-
fore the examination, service members
remained motionless in a dark room for
15 minutes. The results were recorded
in an individual protocol. Cardiac rhyth-
mograms were recorded for 300 cardi-
ac cycles in clinostasis. Spectral HRV
parameters were assessed, frequency
power parameters were calculated in the
high-frequency (HF, ms?), low-frequency
(LF, ms?), and very-low-frequency (VLF,
ms?) ranges, total spectral power (TP,
ms?), temporal parameters (SDNN, ms?
and rMSSD, ms?), and the stress index
(SI, c.u.) and regulatory system activity
indicators (PARS, score) were also as-
sessed.

To assess the level of physical perfor-
mance of military personnel, the “Stair-
case Test” test was used, and their phys-
ical fitness was determined using the
Margaria test, the Cooper running test,
and the «Complex agility exercise» test —
Exercise No. 30 from the NFP-2023.[11]
The choice of these tests was due to the
need to ensure a moderate load and the
possibility of prompt medical support.

We used various statistical methods
to analyze the obtained results. The
Kolmogorov-Smirnov test was used to
check the normality of the distribution of
quantitative variables. One-way analysis
of variance was used to compare the re-
sults of multi-day measurements. Com-
parisons of quantitative variables within
and between groups were performed
using the Student's t-test for dependent
and independent samples (M + m). When
comparing qualitative variables, we ad-
ditionally used the Pearson chi-square
test with significance adjustment (for be-
tween-group differences) and the McNe-
mar test (for within-group changes) (Md
[Q1;Q3]). Differences were considered
statistically significant at p < 0.05. Math-
ematical and statistical data processing
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was performed using STATISTICA 10
software.

Key provisions. Rehabilitation of mil-
itary personnel in medical and health re-
sort facilities (HRFs) is primarily focused
on the following objectives: accelerating
the resolution of edema and hematomas;
preventing the development of contrac-
tures; restoring the functionality of the
damaged organ; stimulating blood and
lymph circulation; developing compensa-
tory mechanisms for the loss of basic mo-
tor functions; improvement of the general
condition of the patient [3, 6].

The existing approach to the rehabil-
itation of wounded military personnel,
while successfully restoring them to a
level of basic working capacity, is insuffi-
cient for the full return to duty of airborne
assault units. Modern combat demands
fundamentally different requirements: the
ability not only to march long distances
with heavy equipment under enemy fire,
but also, crucially, to react instantly and
maneuver with high agility to evade UAV
attacks. Thus, there is an urgent need to
rethink rehabilitation, shifting the empha-
sis from simple recovery to the targeted
development of key physical qualities—
endurance, speed, strength, and agility —
to ensure not just a return to duty, but true
combat readiness [3, 8, 13].

Researchers A. A. Musin and |. V.
Polyakova (2024) argue in their work
that, in order to rehabilitate and restore
the professional readiness of military per-

sonnel, it is first and foremost necessary
to use game-based physical training,
justifying this by the popularity and spec-
tacle of team sports, especially football,
which, in addition to the physical devel-
opment of almost all necessary qualities
(speed, endurance, and agility), contrib-
ute to stress relief [10].

Unlike the game-based method, which
is difficult to individualize and carries the
risk of overexertion and injury, steady,
continuous running is a more effective
and accessible means of physical reha-
bilitation for wounded soldiers. This type
of exercise is easily dosed and adapted
to individual plans, allowing for target-
ed development of overall endurance,
speed, and willpower, ensuring a safe
and gradual restoration of physical fit-
ness for a return to professional activity.
[3,7,5,12].

An integrated approach combining
running training, proper nutrition, and
flexibility exercises ensures compre-
hensive recovery for military personnel.
Running effectively normalizes body
weight, develops strength endurance,
and, importantly, significantly improves
psycho-emotional well-being by reducing
stress. Incorporating flexibility exercis-
es into the program directly accelerates
physical recovery, reducing muscle ten-
sion and the risk of re-injury. Combining
these elements allows for faster and
more complete physical and psycholog-
ical rehabilitation, facilitating the rapid re-
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Average indicators of physical development, performance and physical fitness of military personnel in the experimental and control
groups before and after the experiment

. Before After p
Indicators
CG EG P CG EG P CG EG
Body weight, kg 89.9+1.1 88.4+1.1 0.15 85.8+1.1 75.5+1.1 0.05 0.05 0.01
BMI, kg/m? 29.4+0.4 29.7+0.6 0.3 28.1+0.4 25.4+0.5 0.05 0.1 0.05
Staircase test, bpm 139.8+1.8 140+1.7 0.8 125.6+1.7 114.5+1.9 0.05 0.05 0.01
. Watts 401.6+£9.4 390.5+9.2 0.25 424+9.8 557.8+15 0.05 0.25 | 0.001
Margaria test
Watts/kg 4.54+0.1 4.4+0.1 0.5 4.9+0.1 7.4+0.2 0.05 0.25 0.05
Exercise N30, sec 13.7+0.4 14.3£0.3 0.05 13.4+0.3 13.1£0.3 0.1 0.1 0.05
Cooper test, m 2167.24£31.6 | 2164.3£29.2 | 0.25 | 2381.8437.4 | 2665.2+38.9 | 0.05 0.05 0.05

turn of military personnel to full duty. [5,
6,7,9]

Based on the above-mentioned char-
acteristics, our working group developed
a training plan for the physical rehabilita-
tion of military personnel in a military unit
setting. This plan consists of a three-week
mesocycle aimed at improving marching
composure, developing general endur-
ance, speed, and sensory abilities, as
well as weight management through a
gradual increase in running volume.

The first, induction microcycle (Figure
2) serves as a fundamental stage for the
smooth and safe adaptation of military
personnel to the demands of continuous
long-distance running. Its program, de-
signed for five training sessions, is built
on the principle of gradual progression:
initially, walking predominates, but with
each session, the emphasis gradually
shifts toward increasing the proportion
of running. Each session begins with
a preparatory exercise program aimed
at activating muscles and preparing the
body, and concludes with restorative ex-
ercises to relieve tension and accelerate
recovery. A key control and safety tool is
strict heart rate monitoring (conducted
using personal fitness trackers and heart
rate monitors (Garmin, Polar, Suunto)),
the threshold of which is set at no high-
er than (130) 150 bpm, with planned rest
breaks if this threshold is exceeded. This
carefully considered approach allows for
careful adaptation of the cardiovascular
and respiratory systems, minimizing the
risk of injury and building a solid founda-
tion of physical fithness necessary for a
successful transition to more intense ex-
ercise during the subsequent micro-cycle
of rehabilitation.

The basic microcycle (Figure 2), which
comprises the second week of rehabilita-
tion, aims to gradually increase running
volume to 175 minutes over five training
sessions. Its key feature is the introduc-
tion of a post-run routine, alternating spe-
cific running exercises (4-6) to improve

running technique and strength exercises
(3-4) for the muscles of the arms, shoul-
der girdle, torso, and legs to reduce inju-
ry. The training process takes place in the
first developmental mode at a heart rate
of 130-150 bpm, ensuring optimal train-
ing effects with minimal risk of overtrain-
ing. This microcycle structure promotes
the effective development of overall en-
durance and running fitness, creating
conditions for the body's safe adaptation
to increasing workloads.

The preparatory microcycle, imple-
mented in the third week (Figure 2), aims
to integrate speed training by introducing
accelerations (30-50 m) into the struc-
ture of five training sessions. During the
training, basic running in the first devel-
opmental mode (heart rate 130-150
bpm) is interrupted by a progressively
increasing number of accelerations (from
6 to 10 per session), during which the
intensity reaches the third developmen-
tal mode (heart rate from 170 bpm). This
structure simulates the «jerky» nature of
running typical of combat conditions and
promotes the body's comprehensive ad-
aptation to high-intensity loads. As a re-
sult, this final stage of the mesocycle en-
sures the development of not only gener-
al endurance but also the specific speed
qualities, attention, and sensory abilities
of the service member.

At the end of three weeks, the study
was repeated with the servicemen of the
EG and CG groups (Table 1).

The servicemen in the experimental
group showed statistically significant and
more pronounced positive changes com-
pared to the control group. In particular,
the experimental group showed a signifi-
cant decrease in body weight (by 12.9 kg;
p<0.01) and a significant improvement in
physical performance according to the
"Staircase test" (a decrease in heart rate
by 25.5 bpm; p<0.01). A highly significant
(p<0.001) increase in absolute and rela-
tive power according to the Margaria test
and an improvement in agility indicators

in exercise #30 (p<0.05) were also re-
vealed, while in the control group similar
dynamics were statistically less signifi-
cant. In addition, the increase in overall
endurance according to the Cooper test
in the experimental group (500.9 m) was
more than twice as high as the results in
the control group (214.6 m).

An analysis of HRV dynamics con-
firmed the high adaptability of the exper-
imental program. The servicemen in the
control group, who initially had normal
parameters, demonstrated an adequate
response to the load: by the end of each
week, a temporary, statistically significant
(p<0.05) increase in regulatory systems
was recorded (e.g., a 20.5% increase in
Sl), which was fully compensated for af-
ter two days of rest, which also allowed
for individual adjustments to the program.
A key result was the state after the con-
trol tests: unlike the control group, which
demonstrated pronounced signs of over-
exertion (a 25.6% decrease in SDNN, a
30.7% decrease in rMSSD; p<0.01), the
servicemen in the control group main-
tained HRV parameters within physio-
logical norms. This demonstrates the ef-
fectiveness of the developed method in
increasing the body's adaptive potential
and preventing adaptation failure.

Conclusion. The study experimental-
ly validated the high effectiveness of the
developed three-week physical rehabili-
tation method for military personnel after
injuries, based on steady-state running
with individualized loads based on HRV
parameters.

The developed program, including
warm-up, base, and warm-up micro-
cycles, provided statistically significant
improvements in physical performance,
overall endurance, power, and agility in
the experimental group, while reducing
body weight. HRV monitoring confirmed
that the program maintains an optimal
level of adaptation, preventing overstrain
of regulatory systems, making it a reli-
able and effective tool for comprehensive



recovery and accelerated preparation of
military personnel for return to combat
zones.
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