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Abstract

The study of the reaction of the cardiovascular system of persons with amputation of the lower limbs
at different levels at the initial stage of the application of physical rehabilitation and dosed veloergomet-
ric load with the execution of pedal rotation with the upper limbs. Material. In the course of the study,
theoretical analysis and generalization of data from the scientific and methodological literature on issues
related to the use of physical therapy in people after amputation of the lower limbs, variation pulsometry,
determination of maximum oxygen absorption, measurement of blood pressure, dosed veloergometric load
with the execution of pedal rotation of the upper limbs were used. Results. The analysis of modern scien-
tific and methodological literature made it possible to consider the actual problem of scientifically based
selection of rehabilitation measures to determine the amount of physical exertion for persons at the initial
stage (post-hospital period) of the use of physical therapy means, depending on the level of amputation of
the lower limbs and the reaction of the cardiovascular system to the performance of dosed cycle ergomet-
ric exercise load and control of their influence on hemodynamic indicators. The level of physical working
capacity, the reaction of the cardiovascular system and the level of physical working capacity of persons
with amputation of the lower limbs at different levels by means of dosed veloergometric load with the use
of the upper limbs at the initial stage (post-hospital period) were studied, which are decisive in the indi-
vidual appointment of the movement regime, the formation of the volume and intensity of physical exer-
tion, selection of appropriate forms, methods and means of physical therapy. Conclusions. The applied
adequate research methods made it possible to reveal the dependence of the reaction of the indicators of
heart rate, blood pressure and maximum oxygen absorption on the amount of dosed veloergometric load
depending on the localization, volume and level of amputation of the lower limbs, which will allow the
application of a motor mode adequate to the functional state, the intensity of physical exercises, forms,
methods and means of physical therapy for persons with different levels of amputation of the lower limbs.
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Mera. BupueHHs peakiii cepLeBo-CyAMHHOI cHcTeMu 0cib 3 aMHyTaLIiGIO HIDKHIX KIHIIBOK Ha pi3-
HHX PIBHSX HA MOYATKOBOMY €Talll 3aCTOCYBAHH: 3ac00iB (i3uuHOI Tepamii Ta 1030BaHOTO BeTOEprome-
TPUYHOTO HABAHTAKCHHS 3 BUKOHAHHAM O0CPTaHH: Nejasieii BepxHiMu KiHuiBkamu. Matepias. ¥ xoxi
JOCITIKCHHS! BUKOPHCTAHO TCOPETHIHHH aHAI3 if y3aralbHCHHS JaHNX HayKOBO-METOAMYHOI JiTepaTypH
3 IATaHb, NPUCBAYCHHX 3aCTOCYBAHHIO 3aCO0IB (i3MUHOT Tepamil y 0Ci0 MmicIs amMITyTalii HIOKHIX KiHI[i-
BOK, BapialliiiHa My/IbCOMETPis, BU3HAUYCHHA MAKCHMATBHOIO MONTHHAHHS KICHIO, BUMIPIOBAHHS apTepi-
alIbHOTO THCKY, I030BaHE BENOCPTOMETPHYHE HABAHTAKCHHS 3 BUKOHAHHSM 06epTaHH51 neanei BepxHi-
MU KiHLiBKamu. Pe3yabTaTn. AHaili3 Cy4acHOI HayKOBO-METOAMYHOI JIITepaTypu [103BOIUB PO3IISHYTH
aKkTyaJbHy IpobIeMy HayKOBO 0OIPYHTOBAHOTO BUOOPY peabimiTauiiiHiX 3aX0/iB 3 BU3HAYCHHAM 00CsTy
(i3MYHNX HABAHTAKEHH 0C00AM HA MOYATKOBOMY eTami (MC/IsTIKAPHAHMA Nepioa) 3aCTOCYBAHHS 3aCO-
0B (hi3naHOi TEpAii, B 3a/IEIKHOCTI Bijl PIBHA aMITyTaLlil HIDKHIX KIHIIBOK Ta PEaKIii cepLeBO-CYIMHHOT
CHCTEMH Ha BUKOHAHHS JI030BAHOTO BEJIOCPrOMETPHYHOTO HABAHTAXKCHHS i KOHTPOJIIO 3a iX BIUIMBOM Ha
TOKA3HUKHM TeMOJAMHAMIKA. BHBYCHO piBeHb (I3UYHOI NPALE3AATHOCT], PEAKLI0 CEPLICBO-CYAMHHOI CUC-
TEMH 1 piBeHb (PI3UYHOT MpaLe3AaTHOCTI 0Ci0 3 aMITYTAL[I€}0 HUXKHIX KIHIIBOK Ha PI3HUX PIBHAX IUIIXOM

© Mahlovanyy A., Kunynets O., Grygus I., Ivanochko O., 2023
63



Rehabilitation & Recreation

JI030BaHOTO BENOCPrOMETPUYHOTO HABAHTAKEHHS 13 3aCTOCYBAHHSM BEPXHIX KIHLIBOK Ha MOYATKOBOMY
erami (MiC/ISUIKapHIHOMY NEpIOAL), SIKi € BU3HAYAIBHUMHU TPH IHMBIAYaIbHOMY NPH3HAYCHHI PyXOBO-
ro pexumMy, popMyBaHHi 00CATY Ta IHTCHCHBHOCTI ()I3MYHUX HABAHTAXKCHB, M1A00PY BIANOBIAHUX HOpM,
METOZIMK Ta 3ac00iB (isu4HOi Teparii. BUCHOBKH. 3aCTOCOBAHI afeKBATHI METOAH TOCIIUKCHHS J03BO-
JIMIM BUSIBUTH 3QJIEKHICTh PEaKLii MOKa3HUKIB YaCTOTH CEPLEBUX CKOPOUYEHb, apTEPiaJbHOIO TUCKY Ta
MAKCHMaJIbHOTO TOIIMHAHHS KUCHIO BIJl BEIMYMHH J030BAHOTO BEJIOCPrOMETPUYHOIO HABAHTAKCHHS
B 3aJIXKHOCTI BiJl JIOKaji3aLii, o0csry i plBHH aMITyTallii HIKHIX KIHIIBOK, SIKI 103BOJISITH 3aCTOCOBYBATH,
aJIeKBaTHI PyHKIIOHAILHOMY CTaHy, PyXOBHii PEIKUM, IHTCHCHBHICTh (i3HYHHX BIIPaB, HOPMH, METOIH Ta
3aco0n (i3u4HOT Tepartii 0codaM 3 pI3HUM PIBHEM aMITyTauil HIKHIX KIHIIBOK.

Knrouosi cnosa: Qizuuna tepamis, 1030BaHe (i3MYHE HABAHTAKCHHS, CEPLEBO-CYIMHHA CHCTEMA,

(1)131/1‘11-18. HpaHGSI[aTHICTL

Introduction. One of the most significant
consequences that occurs after the loss (ampu-
tation) of the lower limbs is a sharp limitation
of motor activity (hypodynamia) [5; 8; 10; 12].
To the greatest extent, this is observed in the
postoperative period and during preparation for
prosthetics, when the person is forced to be in a
lying or sitting position and move with the help
of crutches or a wheelchair [1; 4; 8; 10; 13]. Lim-
itation of motor activity causes changes in the
activity of the cardiovascular, respiratory and
other systems and the body as a whole, increases
the manifestations of concomitant diseases.
Locally insufficient motor activity and other
amputation factors cause stagnation in tissues,
inhibit exchange and regenerative processes, the
formation of a benign mobile postoperative scar,
the formation of a stump, contribute to the occur-
rence of flexion contractures and atrophy of the
muscles of the amputated limb, pelvic distortion
and postural defects [2; 3; 6-8; 11; 14].

In order to reduce the negative impact of
surgical intervention and the forced reduction
of motor activity at the stages of the complex
recovery process, physical rehabilitation tools
are used [8; 10; 13; 15; 16]. They increase the
activity, tone and functional state of the body,
mobilize its protective and adaptive-compen-
satory reactions. Physical exercises applied in
accordance with the state of the body prevent
complications, strengthen the muscle segments
of the limb remaining after amputation, reduce
muscle imbalance, and accelerate the occurrence
of permanent compensations [1; 8; 11; 17; 18].
In people who use physical rehabilitation means,
the probability of contracture formation and the
occurrence of disability decreases, the level of
training of body systems and the level of phys-
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ical exertion of a domestic and professional
nature increases, and the quality of life improves
[1;8;10; 11; 23].

The analysis of the scientific and methodical
literature on the use of physical rehabilitation
tools for amputation of the lower limbs showed
that in the vast majority of works, from a practi-
cal point of view, the need for the use of physi-
cal rehabilitation tools and massage in order to
prevent postoperative complications, correct
defects in the formation of the stump, prepare it
for prosthetics and learning to use a prosthesis
[9; 14; 18; 20-22]. The need to strengthen the
muscles of the trunk, upper limbs, the amputated
limb and the one left after unilateral amputation
for walking on a prosthesis, performing physical
activities of a domestic nature and manual labour
is indicated [8; 10; 14; 20; 21; 23]. However,
there is practically no information in scientific
works on determining the volume of physical
loads and the ability of amputees to bear them at
the initial stages of using physical rehabilitation
tools, depending on the volume and amputation
of the lower limbs at different levels. Therefore,
the study of the reaction of the cardiovascular
system during aerobic exercise in such persons
is an objective need for a scientifically based
selection of rehabilitation measures and control
over their implementation, which is the basis
of an objective expansion of the motor regime,
determination of means, forms and methods of
physical rehabilitation at the stages of the com-
plex restoration process.

Studies of the functional state of the cardio-
vascular system are carried out using dynamic
tests, such as squatting, running, jumping, walk-
ing and running on stairs and a treadmill, ped-
alling on a bicycle ergometer, and others that
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involve the lower limbs. In cases of structural
and functional incapacity or the absence of one
or two limbs, functional dynamic tests using
hands are used [1; 8; 10-12].

The purpose of the research is to study the
reaction of the cardiovascular system of people
with amputation of the lower limbs at different
levels at the initial stage of the application of
physical therapy tools and dosed cycle ergomet-
ric load with pedalling of the upper limbs.

Material and methods. In order to achieve
the goal and solve the tasks of the research, the-
oretical analysis and generalization of data from
the scientific and methodological literature on
issues related to the use of physical therapy in
people after amputation of the lower limbs, var-
iation pulsometry, determination of maximum
oxygen absorption, measurement of blood pres-
sure, dosed veloergometric load with pedal rota-
tion were used upper limbs.

Results. It took in research 15 men, begin-
ners, aged from 22 to 37 years old, who lost their
limbs due to severe injuries during household or
professional activities, underwent surgical inter-
ventions for amputation of the lower limbs at
various levels, and passed the stage of primary
care, took part in the research. prosthetics and
were divided by us into two groups: 8 — with
unilateral amputations at the level of the middle
third of the leg, 7 — with unilateral amputations
at the level of the middle third of the thigh.

The study participants agreed to undergo the
initial stage (post-hospital period) of physical
therapy using complexes of physical exercises
and basic strength exercises of bodybuilding and
powerlifting with free weights. The initial stage
(post-hospital period) included two sub-stages:
the first is a short-term gentle regime of perform-
ing complexes of exercises of the maximum sub-
maximal power zone with external resistance,
which is created due to the weight of objects
(dumbbells, weights, barbells), the resistance of
a partner, the resistance of elastic objects (spring
expanders, rubber); the second — exercises in the
zone of submaximal and high power on medium
and large muscle groups of the limbs and trunk
at a slow and medium pace in a gentle training
regime with the use of physical exercises to cover

as many muscle groups of the trunk and limbs as
possible, ensuring the harmony of the impact with
the performance them at a medium and fast pace
and strength basic exercise of bodybuilding and
powerlifting, horizontal bench press and horizon-
tal bench press from the chest. The stated prin-
ciple of physical exercises with the involvement
of certain muscle groups in certain movement
modes is applied to individuals of both groups.
The study of the level of physical capacity
was carried out by the method of applying a con-
tinuous dosed veloergometric load until failure
with the execution of rotation of the pedals by the
upper limbs (hereinafter — continuous physical
load). The power of the initial continuous exer-
cise was equal to 25 W and gradually increased
by 25 W every three minutes, during which the
subject maintained a constant speed of pedalling
with the upper limbs, 60 revolutions per minute.
Subjective feelings, the appearance of external
signs of fatigue, such as an excessive increase in
heartrate, redness of the face and skin, accelerated
breathing rate, which indicated that the thresh-
old of performance was reached dosed physical
activity and was the reason for stopping the study.
Such careful monitoring of reactions to continu-
ous physical exertion made it possible to objec-
tively determine the permissible level of muscle
work in each subject and to prevent possible
negative reactions of the cardiovascular system.
The reaction of the cardiovascular system
of the body to pedalling with the upper limbs
was determined by analyzing the changes that
occurred during continuous physical exertion, the
main hemodynamic indicators — heart rate (HR)
and systolic and diastolic blood pressure (SBP
and DBP) and the speed of their recovery on the
Ist, 5th, 10th minutes after giving up continu-
ous physical activity. Evaluation of the research
results was carried out by comparison with the
data of bicycle ergometric testing indicators of
practically healthy untrained persons [1; 19; 24].
The results of the study of the level of phys-
ical performance of people with different levels
of localization and volume of lower limb ampu-
tation by the method of continuous dosed veloer-
gometric load to failure with the performance of
pedal rotation with the upper limbs showed that
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they had a different level of response of heart
rate and blood pressure indicators to continuous
physical load and recovery after its implementa-
tion (Table 1).

In the group of people who underwent unilat-
eral amputation at the level of the middle third
of the lower leg (8 people), a level of continu-
ous physical exertion of 125 W was achieved at
a heart rate of 140.3+2.4 bpm, which was 89.0%
higher than the initial heart rate in at rest. In
parallel with the increase in heart rate, systolic

and diastolic blood pressure changed with an
increase in pulse pressure.

At the maximum load of 125 W, the sys-
tolic blood pressure values were equal to
154.7+42.5 mm. Hg, diastolic blood pressure —
65.3+1.4 mm. Hg, and the pulse pressure was
89.4 mm. Hg, which significantly (p<0.05)
exceeded the initial level at rest (Table 2).

Recovery of heart rate and blood pressure
before the weekend occurred mainly at the 5th
minute of rest according to the normotonic type

Table 1
Reaction of heart rate indicators to continuous physical activity and during
the recovery period (xtm)
. . Heart rate (bpm)
No Staag:tsi‘(’)ii c??:::ﬁ::i [l)(:l:s;cal Leg amputation Hip amputation Practically healthy
y (n=8) x+m (n=T) xtm untrained individuals
1 |Atrest 73,7423 74,742.6 68,442, 1
2 |Load 25 W 83,1+2.4 84,522 79,2425
3 |Load 50 W 88,6+1,4 90,7+1,8 86,2+2,3
4 |Load 75 W 104,6+2,1 113,4+£2,4 101,8+2,1
5 |Load 100 W 130,5+1,8 139,2+2,7 128,2+2.,4
6 |Load 125W 140,3+2,4 147,9+1,7 136,3+1,9
7 | 1 minute of recovery 105,3+2,1 114,8+2.4 102,5+2,1
8 |5 minute of recovery 89,2+1,4 91,1+1,6 84,9+2,6
9 | 10 minute of recovery 75,3+1,8 81,1t1,4 72,9424
Table 2
The reaction of blood pressure indicators to continuous physical activity
and during the recovery period (x+m)
Stages of continuous Blood pressure indicators (mm Hg)
No physical activity BP Leg amputation Hip amputation Practically healthy
(further — load) (n=8) x+m (n=T) x+m untrained individuals
DBP 75,5+1,6 79,442,1 70,127
1 |Atrest
SBP 120,4+2,7 127.3+2.4 119,6+2,9
DBP 71,3£2,2 78,2+1,8 72,8+3,4
3 |Load25W SBP 1312+1.8 1352+1.6 126,923
DBP 68,2+1,8 77,142,4 68,7+2,2
> |Load S0W SBP 142,5+1.4 149,422 135.442.6
DBP 65,5£2,4 75,2+2,1 73,1£2,7
7 |Load 75 W SBP 146,8+2.2 159.6+1.6 141,625
DBP 64,1+1,4 72,1+1,4 69,3+2,1
9 |Load 100W SBP 149,6+1,6 1693+1.8 1475424
DBP 65,3+1,4 66,1+£2,1 68,5+2,3
2 |Load125W SBP 154,7+2.5 1773428 1492427
4 |1 minute of recove DBP 66,3£1,2 73,1£1,6 72,7£2,5
u very SBP 141,552, 159.8+1.8 140.842.6
6 |5 minute of recove DBP 70,0+2,2 76,8+1,4 71,3+2,7
u very SBP 132,4+1.8 140,422 1282419
¢ | 10 minute of recove DBP 77,1x1,4 75,3+1,8 70,8+1,8
u very SBP 1242421 130,442.1 122.6:2.3

Note: BP is arterial pressure; DBP is diastolic arterial pressure; SBP is systolic arterial pressure.
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of reaction to the functional test. One of the
examined persons showed a reaction to contin-
uous dosed bicycle ergometric load until failure
with pedal rotation of the upper limbs according
to the hypotonic type, and the normalization of
heart rate and blood pressure was significantly
(p<0.05) delayed.

In general, the reaction of the cardiovascular
system to a continuous dosed veloergometric
load to failure with pedal rotation of the upper
limbs of persons who have undergone unilateral
amputation at the level of the middle third of the
lower leg is practically no different from healthy
untrained people to the same functional test,
which indicates a sufficient level of adaptation
to dosed muscle work.

Therefore, individuals with unilateral ampu-
tations at the level of the middle third of the
lower leg and unilateral amputations at the level
of the middle third of the thigh can be recom-
mended, taking into account individual indica-
tors of cardiovascular health and the level of
physical capacity, after carrying out at the initial
stage (post-hospital period) the first sub-stage of
physical rehabilitation, performing complexes
physical exercises of physical rehabilitation of
the second sub-stage, which belong to the zone
of submaximal and high power on medium and
large muscle groups of the upper limbs and trunk
at a slow and medium pace in a gentle training
regime with the use of physical exercises to
cover as many muscle groups as possible trunk
and upper limbs, ensuring harmony of impact
with their performance at a medium and fast
pace and basic strength exercises of bodybuild-
ing and powerlifting, horizontal bench press and
horizontal bench press from the chest.

In persons who underwent unilateral ampu-
tation at the level of the middle third of the
thigh (7 persons), who also achieved a contin-
uous dosed cycle ergometric load to failure
with the performance of upper limb pedalling
at 125 W with a heart rate and blood pressure
response close to the hyperreactive type. How-
ever, their heart rate recovery rate was slower
than the recovery rates in the group of persons
with amputation at the level of the middle third
of the lower leg. In comparison with the latter,

in men with unilateral amputation at the level of
the middle third of the thigh, the heart rate at the
5th minute was unreliably higher than the initial
level by 8.5%. Recovery of blood pressure indi-
cators occurred with a relative delay, although
statistical reliability was not obtained. A positive,
reliable (p<0.05) response of the cardiovascular
system to continuous dosed veloergometric load
to failure with pedal rotation of the upper limbs
in persons who underwent unilateral amputation
at the level of the middle third of the thigh was
observed in 6 subjects and in 1 h — unsatisfac-
tory, but it was unreliable (Table 2).

A comparison of the obtained results of a
group of persons who underwent unilateral ampu-
tation at the level of the middle third of the thigh
(7 people) with persons of previous and healthy
untrained people on continuous dosed cycle ergo-
metric load to failure with pedal rotation of the
upper limbs showed that 6 men with unilateral
amputation at the level of the middle third of the
thigh, it is possible to recommend the same move-
ment regimes as in the first group, but with an
extended period of gentle training regime, which
will be determined individually for each person.
Individuals with an unsatisfactory reaction (1 per-
son) to a functional test should be recommended
to perform complexes of physical rehabilitation
exercises for medium and large muscle groups
of the limbs and trunk at a slow and medium
pace with further application and exercises at a
medium pace, and after repeated determination
of the reaction of the cardiovascular system on
a continuous dosed veloergometric load and the
achievement of reliable positive changes, recom-
mend the physical laws of a gentle training regime.

The obtained results of continuous dosed
veloergometric load to failure with pedal rota-
tion of the upper limbs of persons with differ-
ent localization and extent of amputation of the
lower limbs allowed us to determine by an indi-
rect method [1; 19; 24] indicators of maximum
oxygen absorption (MPC), which reflects the
functional capabilities of the cardiorespiratory
system and level of physical fitness.

Therefore, we established that BMD values in
groups of people with different levels of amputa-
tion repeated the reaction of heart rate and blood
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pressure to continuous dosed bicycle ergomet-
ric load to failure with pedalling of the upper
limbs. The difference in indicators depended on
localization, volume and level of amputation,
functional ability to perform muscle work. In
men with consequences of unilateral amputation
at the level of the lower leg and at the level of
the thigh, the difference in BMD indicators was
unreliable and equal to 2.06 £ 0.02 1/min and
2.12£0.01 /min, respectively.

Thus, the determination of the reaction of the
cardiovascular system and the level of physical
capacity of persons with amputation of the lower
limbs at different levels by means of continuous
dosed veloergometric load to failure with the
execution of pedalling with the upper limbs at
the initial stage (post-hospital period) of physi-
cal rehabilitation are decisive for the individual
appointment of the motor mode, formation of the
volume and intensity of physical exertion, selec-
tion of appropriate forms, methods and means of
physical therapy.

Conclusions

1. It has been established that the continu-
ous dosed veloergometric load to failure with
pedal rotation of the upper limbs is a reliable and
informative method of examination, at the ini-
tial stage (post-hospital period) of physical ther-
apy, the functional state of the cardiorespiratory
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system and the level of physical performance of
persons who have undergone amputation of the
lower limbs at different levels.

2. The dependence of the response of heart
rate, blood pressure, and maximum oxygen
absorption on the amount of continuous dosed
veloergometric load to failure with pedal rotation
of the upper limbs was established, depending on
the localization, volume and level of amputation
of the lower limbs.

3. The identified individual ability of the body
to tolerate a continuous dosed veloergometric
load until failure with the execution of pedal
rotation with the upper limbs will allow to apply,
taking into account the individual indicators of
the cardiovascular system and the level of phys-
ical capacity, adequate to the functional state of
the movement regime, the power of physical
exercises, forms and means of physical rehabili-
tation for persons with different levels of ampu-
tation of the lower limbs.

Prospects for further research in this direc-
tion will be aimed at the wide implementation of
the obtained results in the case of individual pre-
scription of the movement regime, the formation
of the volume and intensity of physical exertion,
the selection of appropriate forms, methods and
means of physical therapy of persons with differ-
ent levels of loss (amputation) of the lower limbs.
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