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Abstract
Introduction The study of the functional characteristics of the unaffected side of the musculoskeletal 
system in patients with spastic hemiparesis contributes to the development of various aspects of medical 
rehabilitation.
Objective To determine the features of compensatory and adaptive behavior of the limb not involved 
in the pathogenesis in children with hemiplegia during walking and their dependence on age and previous 
surgical interventions on the triceps surae.
Materials and methods Locomotor characteristics of 78 children under 16 years of age with spastic 
hemiplegia  and  motor disorders corresponding to levels I–II GMFCS (Gross Motor Function Classification 
System) were compared with 77 healthy peers. Based on age and the triceps surae lengthening surgery, 
all  children were divided into 6 groups. Kinematic data were recorded using Qualisys 7+ optical cameras 
and KISTLER dynamometric platforms. The video material was analyzed using QTM and Visual3D programs, 
and statistical data processing was performed using Microsoft EXСEL-2013 and AtteStat 12.0.5.
Results In the unaffected limb of children with spastic hemiplegia, a flexion position in the limb joints 
was observed, while the kinematics of its ankle joint did not differ significantly compared to healthy peers. 
Moreover, movements in the joints of the unaffected limb in children with hemiplegia were performed at greater 
energy consumption, especially in the knee and hip joints, while the power characteristics in the ankle joints 
were statistically lower than in healthy peers.
Discussion Significant increase, in comparison with the norm, and redistribution of power locomotor 
characteristics, as well as an increase in the GPS indicator of the total joint kinematic variability of the limb 
not involved in the pathogenesis indicate exclusively the compensatory nature of its behavior. Compensatory 
behavior is also shown by increased flexion angles in the joints and the sagittal tilt of  the  pelvis, 
which  posturally  eliminate the difference in leg length. Rotational positions of the pelvis and the femur, 
apparently, also serve to maintain the orientation of the foot.
Conclusion Compensatory behavior of the unaffected limb in children with hemiplegia during walking 
is  manifested in kinetic and kinematic activity. Power locomotor characteristics are significantly 
redistributed compared to the normal values. Power indicators in the knee and hip joints increase, but power 
characteristics in the ankle significantly decrease. According to the GPS index, the total joint kinematic 
variability significantly increases, and the joint flexion angles and sagittal pelvic tilt increase to compensate 
for the difference in leg height. The procedure of early surgical lengthening of the triceps surae did not have 
a significant effect on the motor characteristics of the uninvolved limb.
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INTRODUCTION

Hemiparetic forms of cerebral palsy are usually characterized by preserved motor functions 
and the ability to move independently [1, 2, 3]. The incidence of spastic hemiplegia in the structure 
of cerebral palsy does not exceed 15.3 % [4, 5]. Types of non-severe motor impairments according 
to  the  Gross Motor Function Classification System [6] prevail: 87.8 % of GMFCS level I, 7.1 % 
of GMFCS level II.

Kinematic and kinetic disorders, orthopedic problems of spastic hemiplegia on the affected side 
have been described and classified quite well [7, 8, 9]. However, there are only a few publications 
devoted to biomechanical studies of the features of movements of the uninvolved lower limb during 
walking [10, 11, 12, 13]. Known changes in the range of movements in the sagittal plane, rotation 
features of pelvic movements are considered compensatory, reflecting the degree of dysfunction 
on the contralateral, affected limb [14, 15, 16, 17]. Nevertheless, publications indicate the occurrence 
of orthopedic disorders in the foot of the unaffected limb [18, 19, 20].

The study of the problems of locomotor disorders on both sides in patients with spastic 
hemiparesis should contribute to the development of various aspects of medical rehabilitation [21]. 
Moreover,  it  is  unknown whether there is a change in the adaptive age-related mechanisms 
of the uninvolved limb, and the impact of early isolated operations to correct ankle contractures 
on the kinematic and kinetic parameters of the unaffected limb is also unclear.

Purpose To determine the features of compensatory and adaptive behavior of the limb not involved 
in  the  pathogenesis in children with hemiplegia during walking and their dependence on age 
and previous surgical interventions on the triceps surae.

MATERIALS AND METHODS

This study included pediatric patients with spastic hemiplegia who were scheduled for surgical 
treatment at our institution. All patients underwent preoperative examination in the gait analysis 
laboratory.

Inclusion criteria were age under 16 years (open growth plates), GMFCS levels I–II, spastic hemiplegia.

Exclusion criteria were diagnosis of spastic diplegia, level greater than GMFCS II, age under 5 years, 
16 years and older, previous multilevel interventions.

The study groups were formed according to the age criterion (5–9 years old and 10–15 years old), 
as well as to the criterion of performing triceps lengthening or so-called percutaneous fibrotomies 
(fibromyotomies) at an early age.

During the examination, patients walked independently or holding one hand of a parent, barefoot, 
on  a  7-meter long platform at their usual speed. Kinematic data were recorded by Qualisys 7+ 
optical cameras with passive marker video capture technology; synchronized with six KISTLER 
dynamometric platforms (Switzerland). The IOR model was used for marker installation. Kinematics 
and  kinetics analysis was performed with QTM (Qualisys) and Visual3D (C-Motion) software 
with automated calculation of values [17].

For statistical data processing, Microsoft EXСEL-2013 and AtteStat 12.0.5 were used. Quantitative 
characteristics of sample populations are presented in tables as medians with a percentile 
distribution level of 25 % ÷ 75 %. Based on the number of cases in groups, nonparametric statistics 
with a significance level of p ≤ 0.05 were used to process the results. The statistical significance 
of  differences in indicators between comparison groups was determined using the unpaired 
Wilcoxon test.
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Permission to conduct the study was obtained from the institution ethics committee (protocol dated 
07.10.2022 No. 2(72)). The study conducted in accordance with the ethical standards of the Helsinki 
Declaration of the World Medical Association "Ethical Principles of Medical Research Involving 
Human Subjects" with amendments of 2000, "Rules of Clinical Practice in the Russian Federation" 
approved by Order of the Ministry of Health of the Russian Federation dated 19.06.2003 No. 266. 
Parents of the subjects, authorized relatives or employees of social institutions confirmed their 
consent to conduct the study and publish its results without identifying the individual.

The locomotor characteristics of 78 children under 16 years of age with spastic hemiplegia and motor 
impairments corresponding to GMFCS levels I–II were compared with the data of 77 healthy peers. 
Based on age and the triceps surae lengthening surgery, all children were divided into 6 groups:

Group 1: 21 patients (21 limbs); age range — 5–9 years, mean age (7.2 ± 1.5) years; 
triceps surae lengthening was not performed previously;

Group 2: 8 patients (8 limbs); age range — 5–9 years, mean age — (7.7 ± 2.0) years; 
triceps surae lengthening was performed;

Group 3: 25 patients (25 limbs); age range — 10–15 years, mean age — (13.9 ± 1.6) years; 
triceps surae lengthening was not performed;

Group 4: 24 patients (24 limbs); age range — 10–15 years, mean age (12.4 ± 1.9) years; 
triceps surae lengthening was performed previously;

Group 5: 38 children (76 limbs); age range — 5–9 years, mean age — (6.9 ± 1.7) years; 
no gait pathology;

Group 6: 39 children (78 limbs); age range — 10–15 years, mean age — (12.7 ± 1.9) years; 
no gait pathology.

RESULTS

The data of the spatial and temporal characteristics of walking and the gait profile score show 
significant differences in the parameters of the unaffected limb from healthy peers (Table 1). 
In addition, we observed a significant increase in the stride width in group 2 (children under 10 years 
old with triceps lengthening performed) from both non-operated peers and healthy ones.

Table 1
Spatial and temporal characteristics of walking, GPS

Parameter Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

GPS, limb 12 
(9.7 ÷ 13.7)

11 
(8.7 ÷ 13)

10.2 
(8.9 ÷ 11.1)

12.1 
(10.2 ÷ 14.2)

8.3* 
(6.4 ÷ 9.7)

7.8* 
(6.6 ÷ 9.0)

General walking speed, 
m/sec

0.95 
(0.78 ÷ 1.05)

0.9 
(0.88 ÷ 0.97)

0.97 
(0.9 ÷ 1.05)

0.91 
(0.77 ÷ 1.05)

1.07 
(0.81 ÷ 1.18)

1.2 
(1.12 ÷ 1.31)

Stride width, m 0.11 
(0.09 ÷ 0.12)

0.151 
(0.13 ÷ 0.18)

0.13 
(0.11 ÷ 0.16)

0.14 
(0.11 ÷ 0.16)

0.09 
(0.07 ÷ 0.1)

0.1 
(0.08 ÷ 0.12)

Stride length, m 0.45 
(0.42 ÷ 0.52)

0.44 
(0.4 ÷ 0.48)

0.51 
(0.47 ÷ 0.55)

0.49 
(0.42 ÷ 0.53)

0.5 
(0.45 ÷ 0.53)

0.62* 
(0.56 ÷ 0.67)

Stride duration, sec 0.47 
(0.42 ÷ 0.5)

0.46 
(0.43 ÷ 0.51)

0.52 
(0.48 ÷ 0.54)

0.51 
(0.45 ÷ 0.55)

0.47 
(0.44 ÷ 0.49)

0.52 
(0.49 ÷ 0.55)

% of stance from gait cycle 
duration

63.8 
(61 ÷ 65.7)

62 
(59 ÷ 64)

64.2 
(62.2 ÷ 65.6)

65.2 
(63.7 ÷ 66.4)

61.1 
(60.7 ÷ 62.2)

61.7 
(60.8 ÷ 62.6)

% of swing from gait cycle 
duration

36.3 
(34.3 ÷ 39.2)

37.9 
(36.5 ÷ 40.5)

35.7 
(34.4 ÷ 37.8)

35 
(34 ÷ 36.9)

38.5 
(37.9 ÷ 39.3)

38.3 
(37.4 ÷ 39.2)

Notes: * — significant differences according to the Wilcoxon criterion (p < 0.05) between the groups of healthy children 
and the cerebral palsy groups of the corresponding age; 1 — significant differences according to the Wilcoxon criterion 
(p < 0.05) between groups 1 and 2.
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Tables 2 and 3 present the lower limb kinematics indices in the compared groups. In group 
of children with spastic hemiplegia, we can detect a pronounced flexion in the hip and knee joints 
from the moment of initial contact to the midstance of the gait cycle and high values of the flexion 
angle in the hip joint in the swing phase. However, no differences in ankle joint kinematics were 
found in comparison with healthy peers. A significant difference in the angle of foot orientation 
relative to  the  motion vector between the groups of healthy children reflects the physiological 
mechanism of torsional development of the hip as the child grows. An important finding is an increase 
in the angle of rotational position and the range of pelvic rotation on the side of the uninvolved 
limb, given that these indices, which differ from the healthy population, are present in both groups 
and in all the studied age ranges.

The indicators of the moments of forces arising during movements in the joints, as well 
as the generated power of movements indicate an increased energy consumption of the uninvolved 
limb gait, especially in movements in the knee and hip joints (Table 4). Moreover, the generated 
power of movements in the ankle joints of the uninvolved limb in children with spastic hemiplegia 
is significantly lower than in peers without movement pathology.

Table 2
Kinematics of the ankle and knee joints

Parameter Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Maximum foot flexion 
in stance

11.04 
(5.7 ÷ 16.5)

12.2 
(11.2 ÷ 15.9)

14.8 
(13.0 ÷ 17.0)

18.7  
(15.1 ÷ 21.95)

11.9 
(9.7 ÷ 14.5)

13.3 
(10.5 ÷ 16.0)

Maximum plantar 
flexion

–19.8 
(–28.6 ÷ –12.0)

–11.6 
(–14.3 ÷ –8.9)

–11.2 
(–13.5 ÷ –7.6)

–9.5 
(–13.8 ÷ –5.1)

–15.1 
(–18.7 ÷ –10.9)

–13.4 
(–16.9 ÷ –8.8)

Foot position in swing 4.8 
(0.0 ÷ 10.7)

5.7 
(5.5 ÷ 8.7)

8.3 
(7.2 ÷ 12.3)

8.7 
(5.98 ÷ 10.3)

5.6 
(2.7 ÷ 8.1)

7.3 
(5.2 ÷ 8.8)

Foot inversion, max 16.1 
(11.3 ÷ 21.1)

17.7 
(14.4 ÷ 22.3)

14.8 
(11.2 ÷ 18.7)

17.1 
(10 ÷ 23.96)

15.8 
(11.8 ÷ )

13.3 
(8.7 ÷ 15.7)

Range 15.6 
(12.7 ÷ 17.6)

15.7 
(12.5 ÷ 17.3)

14.3 
(12 ÷ 16.3)

15.1 
(12.6 ÷ 17.7)

15.2 
(12.4 ÷ 17.5)

13.3 
(11.3 ÷ 15.5)

Hind-foot clearance, 
cm 

16.8 
(15.7 ÷ 17.7)

16.2 
(15.4 ÷ 17.8)

18.2 
(16.6 ÷ 19.7)

18.6 
(16.8 ÷ 19.95)

17.5 
(16.4 ÷ 18.5)

20.8 
(19.0 ÷ 23.0)

Knee joint position 
at contact, °

15.6 
(12.0 ÷ 18.4)

15.7 
(11.7 ÷ 17.4)

14.5 
(11.6 ÷ 17.4)

22.981 
(18.0 ÷ 30.8)

7.0* 
(2.7 ÷ 11.2)

7.1* 
(4.0 ÷ 9.6)

Max knee flexion 
in stance, °

29.3 
(21.2 ÷ 34.2)

27.8 
(22.1 ÷ 35.3)

27.6 
(24.0 ÷ 31.5)

32.5 
(26.3 ÷ 39.8)

19.8* 
(13.7 ÷ 26.7)

18.5* 
(14.7 ÷ 23.5)

Min flexion angle 
in stance, °

5.9 
(1.4 ÷ 10.9)

11.0 
(7.4 ÷ 15.1)

9.4 
(6.4 ÷ 12.3)

13.8 
(10.1 ÷ 18.98)

6.4 
(3.4 ÷ 10.3)

5.02 
(1.2 ÷ 8.7)

Knee flexion in swing, ° 62.4 
(54.5 ÷ 68.3)

63.0 
(58.5 ÷ 67.3)

63.6 
(58.7 ÷ 69.5)

68.3 
(58.7 ÷ 71.8)

64.5 
(60.7 ÷ 69.1)

60.9 
(57.4 ÷ 65.1)

Notes: * — significant differences according to the Wilcoxon test (p < 0.05) between the groups of healthy children 
and  the  groups of the corresponding age with cerebral palsy; 1 — significant differences according to the Wilcoxon 
test (p < 0.05) between groups 3 and 4; 2— significant differences according to the Wilcoxon test (p < 0.05) between 
groups 4 and 6.

Table 3
Kinematics of the hip and pelvis

Parameter Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Femur position 
at initial contact, °

36.5 
(30.1 ÷ 44.1)

33.5 
(28.9 ÷ 37.5)

36.7 
(30.0 ÷ 41.6)

38.1 
(33.9 ÷ 44.2)

27.91 
(20.6 ÷ 34.3)

24,5* 
(16,9 ÷ 29,7)

Мах hip extension, ° –10.4 
(–13.6 ÷ –6.3)

–7.3 
(–10.6 ÷ –6.5)

–7.0 
(–10.9 ÷ –2.7)

–6.4 
(–13.0 ÷ –1.8)

–14.0 
(–21.4 ÷ –8.0)

–14,1* 
(–20,95 ÷ –10,2)

Max hip flexion 
in swing, °

39.1 
(31.8 ÷ 45.0)

37.3 
(34.9 ÷ 39.6)

38.2 
(31.3 ÷ 44.4)

41.4 
(35.3 ÷ 46.7)

30.8 
(25.6 ÷ 36.8)

26,6* 
(21,1 ÷ 31,1)
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Parameter Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

Sagittal pelvic tilt, ° 
Max values/range

16.5 
(12.3 ÷ 20.4) 

9.1 
(6.5 ÷ 10.6)

14.0 
(11.4 ÷ 16.8) 

8.1 
(6.6 ÷ 8.9)

15.8 
(11.4 ÷ 19.9) 

8.0 
(5.9 ÷ 9.3)

14.4 
(11.6 ÷ 19.4) 

9.7 
(7.6 ÷ 12.6)

7.8* 
(3.7 ÷ 12.7) 

4.8 
(4.2 ÷ 5.3)

6,5* 
(0,9 ÷ 10,2) 

4,2 
(3,4 ÷ 4,6)

Frontal pelvis 
inclination, ° 
Max values/range

2.5 
(0.5 ÷ 4.2) 

8.97 
(7.0 ÷ 10.4)

3.0 
(1.9 ÷ 5.0) 

7.3 
(6.5 ÷ 7.7)

3.7 
(1.9 ÷ 6.1) 

7.9 
(6.0 ÷ 9.1)

4.0 
(1.4 ÷ 6.3) 

7.8 
(6.2 ÷ 9.1)

3.5 
(2.5 ÷ 4.6) 

7.1 
(5.8 ÷ 8.2)

3,3 
(2,0 ÷ 4,5) 

6,9 
 (5,2 ÷ 8,2)

Pelvis rotation, ° 
Max values/range

21.6 
(14.9 ÷ 26.3) 

21.8 
(16.9 ÷ 29.0)

20.95 
(15.0 ÷ 26.8) 

19.9 
(18.2 ÷ 22.2)

17.8 
(13.8 ÷ 21.4) 

17.96 
(14.3 ÷ 20.8)

18.0 
(12.5 ÷ 25.7) 

20.6 
(16.4 ÷ 26.1)

8.4* 
(5.5 ÷ 10.95) 

15.51 
(12.1 ÷ 18.8)

7,2* 
(5,2 ÷ 9,3) 

13,42 
(10,1 ÷ 15,1)

Femur adduction, ° 
Max values/range

9.3 
(4.7 ÷ 13.7) 

17.8 
(15.5 ÷ 18.8)

7.2 
(5.4 ÷ 10.2) 

15.2 
(13.3 ÷ 16.95)

8.8 
(5.3 ÷ 11.4) 

14.5 
(11.7 ÷ 16.5)

7.9 
(6.6 ÷ 9.8) 

15.5 
(13.1 ÷ 17.95)

9.0 
(6.6 ÷ 11.2) 

13.3 
(11.7 ÷ 14.9)

7,5 
(5,7 ÷ 9,8) 

11,5 
(9,6 ÷ 13,4)

Femur rotation, ° 
Max values/range

11.2 
(9.1 ÷ 15.4) 

21.1 
(17.0 ÷ 23.7)

4.8 
(0.1 ÷ 11.5) 

19.8 
(16.5 ÷ 20.95)

6.2 
(–1.7 ÷ 11.7) 

21.8 
(14.2 ÷ 28.6)

11.8 
(5.5 ÷ 22.3) 

23.7 
(19.5 ÷ 27.3)

9.6 
(3.5 ÷ 15.2) 

17.3 
(14.7 ÷ 19.6)

11,3 
(7,5 ÷ 15,8) 

16,8 
(13,7 ÷ 20,2)

Foot orientation, 
° Max values/
minimum values

15.6 
(7.4 ÷ 21.1) 

–5.1 
(–10.2 ÷ –0.8)

14.2 
(7.1 ÷ 21.7) 

–4.8 
(–11.5 ÷ 0.55)

5.2 
(–0.7 ÷ 14.6) 

–12.5 
(–17.2 ÷ –4.0)

10.3 
(3.9 ÷ 15.4) 

–8.3 
(–14.7 ÷ –2.1)

23.5 
(21.0 ÷ 26.8) 

–11.3 
(–14.95 ÷ –6.5)

3,73 
(–0,3 ÷ 7,8) 

–11,6 
(–16,2 ÷ –6,5)

Notes: * — significant differences according to the Wilcoxon test (p < 0.05) between the groups of healthy children 
and  the  groups of the corresponding age with cerebral palsy; 1 — significant differences according to the Wilcoxon 
test (p < 0.05) between groups 1 and 5; 3— significant differences according to the Wilcoxon test (p < 0.05) between 
groups 5 and 6.

Table 4
Torque, useful power

Parameter Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

Hip extension, N×m 0.94 
(0.73 ÷ 1.18)

0.78 
(0.57 ÷ 0.93)

0.87 
(0.7 ÷ 0.98)

0.88 
(0.64 ÷ 1.17)

0.731 
(0.55 ÷ 0.99)

0.77 
(0.58 ÷ 0.92)

Femur abduction, N×m 0.61 
(0.6 ÷ 0.72)

0.56 
0.47 ÷ 0.68)

0.76 
(0.7 ÷ 0.88)

0.7 
(0.59 ÷ 0.87)

0.67 
(0.59 ÷ 0.71)

0.85 
(0.76 ÷ 0.92)

Knee extension, N×m 0.66 
(0.47 ÷ 0.79)

0.7 
(0.42 ÷ 0.96)

0.66 
(0.41 ÷ 0.84)

0.87 
(0.61 ÷ 1.17)

0.51 
(0.31 ÷ 0.68)

0.652 
(0.43 ÷ 0.87)

Plantar flexion, N×m 1.02 
(0.87 ÷ 1.22)

1.1 
(0.95 ÷ 1.28)

1.2 
(1.09 ÷ 1.36)

1.25 
(1.05 ÷ 1.45)

1.08 
(0.91 ÷ 1.22)

1.45 
(1.32 ÷ 1.55)

Hip power, W/kg 0.44 
(0.24 ÷ 0.71)

0.27 
(0.06 ÷ 0.38)

0.45 
(0.19 ÷ 0.62)

0.36 
(0.19 ÷ 0.47)

0.271 
(0.04 ÷ 0.42)

0.21 
(0.03 ÷ 0.34)

Knee power, W/kg –0.49 
(–0.81 ÷ –0.12)

–0.86 
(–1.27 ÷ –0.3)

–0.71 
(–1.07 ÷ –0.39)

–0.87 
(–1.13 ÷ –0.48)

–0.543 
(–0.8 ÷ –0.26)

–0.69 
(–0.90 ÷ 
–0.45)

Ankle power, W/kg 0.95 
(0.56 ÷ 1.62)

1.1 
(0.67 ÷ 1.99)

1.49 
(1.09 ÷ 1.97)

1.84 
(1.10 ÷ 2.43)

1.8* 
(1.24 ÷ 2.26)

2.3 
(1.60 ÷ 2.81)

Total useful power, 
W/kg

0.86 
(0.17 ÷ 1.35)

0.60 
(0.13 ÷ 1.74)

1.23 
(0.57 ÷ 1.89)

1.34 
(0.83 ÷ 2.195)

1.53 
(0.82 ÷ 2.01)

1.83 
(1.23 ÷ 2.39)

Notes:* — significant differences according to the Wilcoxon test (p < 0.05) between the groups of healthy children 
and  the  groups of the corresponding age with cerebral palsy; 1 — significant differences according to the Wilcoxon 
test (p < 0.05) between groups 1 and 5; 2 — reliable differences according to the Wilcoxon criterion (p < 0.05) between 
groups 4 and 6; 3 — significant differences according to the Wilcoxon test (p < 0.05) between groups 2 and 5.

Table 3 (Continuation)
Kinematics of the hip and pelvis
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DISCUSSION

Limb movement pathology on the affected side in spastic hemiplegia have been studied and classified 
quite well [7, 8, 22, 23].

The results of studies of movements and orthopedic condition of the unaffected limb in spastic 
hemiplegia in children are reported only in several works [10, 11, 12, 13, 24]. However, there is a risk 
of developing orthopedic pathology on the neurologically unaffected side [18, 19, 20], and correction 
of  length discrepancy requires intervention of the controlled growth technique on the healthy 
limb [25, 26, 27, 28].

Increased flexion angles in the knee and hip joints during the stance phase of the gait cycle 
and in the swing phase are known and well described. The authors believe that the development 
of  an  adaptation mechanism to compensate for the inequality in limb lengths can explain 
this kinematic feature [10, 24, 29]. Our studies have also revealed such a feature of articulation 
in the joints, despite the fact that there are no differences in movements in the ankle joint compared 
to peers without movement pathology. We also believe that greater flexion angles in the knee and hip 
joints and excessive sagittal tilt of the pelvis are a mechanism for compensating for the inequality 
in limb length, especially since it does not disappear even after the elimination of ankle contracture 
in the early age (group 2 of our study). At the same time, movements in the hip and knee joints 
were accompanied by increased values of the resulting moments of force and generated power, 
which reflects the high energy consumption of such an adaptation mechanism. As for the kinetics 
of ankle joint movements, in contrast to the data of Cimolin et al. [24] on the absence of differences 
with healthy children, we noted a decrease in the strength characteristics of articulation in the ankle 
joint compared to the healthy population. This difference in the studies can be explained by the small 
sample in the work of Cimolin et al., which complicates the interpretation of the results. We see 
an explanation for the phenomenon we discovered in the general decrease in the motor activity 
of such children due to neurological pathology, in contrast to the healthy population [30].

Rotational positions of the pelvis and hip, increased range of motion on the part of both the involved 
and unaffected limbs can be explained by compensatory mechanisms for maintaining the orientation 
of the foot close to the motion vector [11, 14, 15]. Our studies confirm this statement, especially 
since high values of pelvic and hip rotation are accompanied by deviation of the foot axis within 
the physiological norm.

Finally, we note that our study did not reveal changes in the motor status of the uninvolved 
limb between the groups without early surgical intervention and with lengthening of the triceps 
surae at  an  early age. Progression of torsional deformities occurred equally in both groups, 
and compensatory flexion position in the knee and hip joints was present in all four studied groups 
of children with spastic hemiplegia in all age categories.

We believe that changes in the kinematics and kinetics of the unaffected limb, being compensatory, 
reflect the degree of the pathology of movements on the affected side, and their dynamics can serve 
as an indicator of the success of treatment and/or progression of motor disorders.

The results and conclusions presented in this study should be considered in  view of  the  cross-
sectional nature of the study of groups unrelated to each other and without dynamic observation. 
A  study of  the  treatment results after multilevel interventions in combination with  limb length 
correction may confirm the hypothesis of a decreased expression of compensatory indicators 
of the kinematics of the unaffected limb.
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