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Background. In modern orthopedics, the problem of unilateral shortening of the lower limbs in children is extremely
important. In the process of child growth, there occurs progression of the shortened segment, which leads to anatomical
asymmetry of the lower limbs and an increase in the imbalance of the limb load. Secondary deformities of the pelvis
and spine aggravate the patient’s disability. The features of abnormal postural balance of the body depending on the
etiology of the disease, such as congenital or acquired, as well as the degree of preservation of motor stereotypes in
children with unilateral shortening of the lower limbs, are still understudied.

Aim. The aims of this work are to study postural stability in children with unilateral shortening of the lower limbs and
to assess the disorders of body balance depending on the etiology of the lesion.

Materials and methods. The standard stabilometric values of 11 healthy children (average age, 11.9 + 0.73 years) were
determined (group 1), as well as the statokinesiogram parameters in 22 patients with unilateral shortening of the lower
limb. The second group included 11 children (average age, 11.9 + 1.05 years) with congenital shortening of the lower
limb (average shortening, 4.8 £ 0.8 cm). The third group also consisted of 11 children (average age, 12.2 + 0.78 years),
but with acquired shortening of the lower limb (average shortening, 4.5 + 0.38 cm). Statistical research included
correlation analysis.

Results. A significant decrease in the stability of the vertical balance was observed in both groups of patients, which
was demonstrated by pronounced deviations from the nominal values of stabilometric parameters, compared with
healthy children: an increased center of pressure displacement, large values of the statokinesiogram area, and the length
of the pressure displacement path. It was possible to determine the state of adaptive postural mechanisms for assessing
the formation of the degree of adequacy of the motor strategy in patients with unilateral shortening of the lower limb,
depending on the etiology of the lesion, owing to the method of stabilometry.

Conclusion. An appropriate adaptive motor stereotype has been formed in patients with acquired shortening of the
lower limb; in the new conditions, the system for ensuring postural balance is stabilized. There is a different strategy
for maintaining posture stability characterized by a nonoptimal motor stereotype in patients with congenital shortening
of the lower limb. The stabilometric assessment of the asymmetry of the lower limb load is a promising method for
studying the formation of compensatory mechanisms for controlling the locomotion system, which is important when
planning rehabilitation measures.

Keywords: shortening of the lower limb; postural control; stabilometry; limb load asymmetry.
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O6ocHoBanne. ITpo6remMa OJHOCTOPOHHETO YKOPOUYEHNS HIDKHUX KOHEUHOCTENl y JeTeil sIB/IAETCA Ype3BbIYaliHO
aKTya/lIbHOI JJIsI COBPEMEHHOII opTromeaun. B mpouecce pocra pebeHKa yKOpodeHMe TOPaKEHHOTO CerMeHTa IIporpec-
CHpYeT, YTO NMPUBOAUT K aHATOMMYECKON aCMMMETPUM HIDKHUX KOHEYHOCTeN ¥ HapacTaHuio AucbanaHca Harpysku
Ha HUX. VIHBalIuAusauuio HalyieHTa YCYTyO/IAI0T BTOPMYHBIE AedopMaluy Tasa ¥ Mo3BOHOYHMKA. OcTaloTcsa Maio-
U3Y4eHHBIMU 0COOEHHOCTY HapyIIeHN MOCTypanbHOTO 6aaHca Tema B 3aBUCMMOCTY OT STHOJIOTMM 3aboneBaHmsa —
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BPOXK/IEHHOTO WIN NPUOOPETEHHOTO, CTEeHb COXPAHHOCTH [BUIATE/IbHBIX CTEPEOTHUIIOB Y JleTeil ¢ OFHOCTOPOHHNM
YKOpOUY€HMEM HVDKHUX KOHEYHOCTEIA.

Ilenb — U3y4YNTh MOCTYpPaNbHYIO CTAOMIBHOCTb y AeTeil ¢ ONHOCTOPOHHUM YKOPOYEHMEM HIVDKHMX KOHEUHOCTell
U OLIEHUTDb HapylleHMsA GajaHca Tela B 3aBYCUMOCTYU OT STUONIOTMY MOPaKEHNA.

Marepuansl M MeTOABL. BbUIV OIpeesieHbl HOPMATVBHBIC 3HAYeHMsA CTaOMIOMEeTPUYeCKMX ITOoKa3arenell 11 31opoBbIX
feTell, CpefHMII BO3pacT KOTOPBIX cocTaBwi 11,9 + 0,73 ropa (mepBas rpymma), a Takxe IapaMeTpbl CTaTOKMHE3NO-
rpaMM y 22 TaLIMEHTOB C OJHOCTOPOHHMM YKODOYEHMEM HIDKHEN KOHEYHOCTH. VI3 HuX BO BTOPYIO I'DYIIly BOIIIN
11 meteif ¢ BPOXKAEHHBIM YKOpOUeHMEM HIDKHeN KoHedHOCTH (cpenmHee ykopodeHme — 4,8 + 0,80 cM, cpemHumii Bos-
pact — 11,9 £ 1,05 roga). TpeTbio IpymnIy cocTaBisanu Takxe 11 ferteil, HO ¢ IPUOOPETEHHBIM YKOPOUYEHUEM HIDKHE
KOHeYHOCTH (CpefHee ykopouyeHyue — 4,5 + 0,38 cM, cpegumit BozpacT — 12,2 + 0,78 roga). CraTucTideckoe MUCCIeno-
BaHMe BK/IIOYA/JI0 KOPPENALVOHHBIN aHa/IN3.

PesynbraTel. B 06eyx rpymiax nanueHTOB BbLABIEHO 3HAYMMOE CHIDKeHNe CTaOMIbHOCTY BEPTHUKATBbHOTO 6aaHca, Ipo-
SIBJISIIONIeeCsT BBIPQKEHHBIMIU OTK/IOHEHMAMY OT HOMMHA/IbHBIX 3HAUEHNIT CTaOMIOMETPUYeCKMX MapaMeTpoB IO CPaB-
HEHMIO CO 3[J0POBBIMMU JeTbMM: OBBILIEHHBIM CMeIlleHNeM LieHTPa JaBlIeHNs, OObIINMU 3HAYeHWIMY IUIOIAfM CTaTo-
KMHEe3VOTPaMMBl 1 [TMHbI TPaeKTOPUY LIeHTpa iaBeHus. [1pu momoly MeTosa cTabuIoMeTpuy ONIpeieNsaIn COCTOSTHME
aJIalITUBHBIX IOCTYPaJIbHBIX MEXaHU3MOB IS OLleHKM (OPMUPOBAHMUA Y MALMEHTOB C OXHOCTOPOHHUM YKOpPOYeHMeM
HIVDKHENl KOHEYHOCTM CTENEHM aJ[eKBaTHOCTYM JBUTATEIbHONM CTPaTeTMyM B 3aBUCUMMOCTM OT STUOTOTMM HMOPaXKE€HUA.
3akmroueHne. Y MAIVIeHTOB C IPMOOPETEHHBIM YKOPOYEHMEM HIDKHEN KOHEYHOCTH C(OPMUPOBAH afeKBATHBIIL afjal-
TUBHBI [BUTATEIbHBIN CTEPEOTUII, CUCTeMa obecredeH st IOCTYPaIbHOTO 6amaHca CTabUIN3MpOBaHa B HOBBIX YC/IO-
BISIX. Y NMAllMEHTOB C BPOXX[AEHHBIM YKOpOUYeHMeM HIDKHell KOHeYHOCTM OblIa MHasi CTpaTerus IOAAep>KaH!sA ITO3HOI
YCTOIYMBOCTY, XapaKTepPU3yIOWasAcs HEONTUMAIbHBIM JIBUTATENbHBIM cTepeoTunoM. CrabumoMeTpudeckas OlLjeHKa
aCYMMeTpUY HarpysKM Ha HIDKHME KOHEYHOCTM MOXKeT OBITb MCIIO/Nb30BaHa JIsA M3ydeHUs (OPMUPOBAHUSI KOM-
IIEHCATOPHBIX MEXaHM3MOB YIIPABJIeHMs CHUCTEMOJ JIOKOMOLMY, YTO BaXXHO IIPY IUIAHMPOBAHUY peabMIMTalMIOHHBIX
MepONPUATHUIA.

KnroueBbie crmoBa: YKOpOY€HME HIDKHEN KOHEYHOCTH; HOCTypaJ’IbHI)II‘/'[ KOHTPO/Ib; CTa6I/ITIOMeTpI/IH; aCMMMETpUA Ha-

TPY3KM Ha HVDKHNE KOHEYHOCTU.

Background

The problem of unilateral shortening of the
lower extremities in pediatric patients is particularly
urgent for contemporary orthopedics. During the
growth of the child, due to congenital or acquired
damage to the metaepiphyseal areas of growth of the
tubular bones, the shortening of the affected segment
progresses, which leads to secondary pelvic and
spinal deformities and disability of the patient. The
pathology is often caused by congenital or acquired
dysfunction of the metaepiphyseal growth zones
of the long tubular bones of the lower extremities,
which develop along with trophic disorders [1].
However, the activity of the metaepiphyseal cartilage
changes, even with the complete prevention
of cellular humoral effects [2]. Moreover, the
anatomical asymmetry of the lower extremities
progresses with age in children, which leads to an
increase in the imbalance of the load when standing
and walking [3]; this, in turn, causes an uneven
distribution of mechanical load on the epiphyseal
plate and further impairment of its function [4].

While sufficient attention has been given to
the study of the load imbalance on the lower
extremities in various physiological [5, 6] and

pathological [7, 8] conditions, the adaptive
capabilities of the musculoskeletal system with
unilateral shortening of the lower extremity have
not been as well-studied [9]. The characteristics
of impaired postural function, depending on the
etiology of the shortening of the lower extremity,
also remains largely unexplored, as well as the degree
of preservation of motor stereotypes, the assessment
of which is particularly important when planning
orthopedic rehabilitation [10]. Studying the aspects
of maintaining the vertical balance of the body with
the asymmetry of the lower extremities enables
an analysis of the mechanisms of postural control
impairment and evaluation of possible recovery
after surgical alignment of the length of the lower
extremities [11]. The method of stabilometry used
for these purposes is important for studying the
formation of adaptive reactions of the body in
controlling muscle activity, as well as for creating new
technical systems for controlling movements [12].

The current work aimed to determine postural
stability in pediatric patients with unilateral
shortening of the lower extremities and to assess
the imbalance of the body depending on the lesion
etiology.
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Material and methods

Study design: A one-stage retrospective study
was performed.

Study conditions: The standard values of
the stabilometric indicators were determined in
11 healthy children aged 8 to 16 years (average age,
11.9 + 0.73 years).

The patient records and results of radiation
examination of the main groups of pediatric
patients were analyzed. Group 1 was the control
group, and group 2 included 11 pediatric patients
aged 8 to 16 years (mean age, 11.9 + 1.05 years)
with congenital shortening of the lower extremity
and hypofunction of metaepiphyseal epiphyseal
cartilage of the femur and tibia. The degree of
involvement in the pathological process of the
epiphyseal zones of the affected extremities was
not evaluated. The average difference in the length
of the lower extremities was Al =4.8 £ 0.80 cm
(Fig. 1, a). Group 3 included 11 patients aged
9 to 16 years (mean age, 12.2 + 0.78 years) with
acquired shortening of the lower extremity with
destructive changes in the proximal metaepiphyseal
femoral growth zone after acute hematogenous
osteomyelitis. The average difference in the length
of the lower extremities was Al = 4.5 + 0.38 cm due
to the shortening of the femoral length (Fig. 1, b).
Patients of both groups had hypotrophy of the soft
tissues of the thigh and lower leg of the affected
extremity of varying severity.

The study groups were homogeneous in age
composition and magnitude of shortening of the
affected lower extremity. In addition, the key
criterion for inclusion in each group was the absence
of knee joint angular deformity.

Exclusion criteria: Patients with lesions of the
growth cartilage of the bones forming the knee
joint were excluded from the sample due to the fact
that angular deformity of the knee joint of various
directions developed in the majority of cases.

Methods: A stabilometric study was performed
using MBN Biomechanika (scientific and medical
company MBN) software and hardware complex
with the “European” position of the child’s feet,
namely the feet were placed on the platform with
the heels approximated and the forefeet apart with
an angle of 30° between the inner edges of the
feet. The patient was offered to take a comfortable,
upright position, with their arms lowered along the

1

Fig. 1. Panoramic radiographs of the lower extremities:

a — patient K., 10 years old, with congenital shortening

of the right lower extremity by 4.5 cm; b — patient A.,

16 years old, with acquired shortening of the right lower
extremity by 4.0 cm

body, resting on both lower extremities. In cases
of significant shortening of the lower extremity, its
support function was compensatorily implemented
by loading only the forefoot. The studies were
conducted according to a standard functional test
with open and closed eyes, with the registration
of the parameters of the displacement of the
projection of the body pressure center (PC).
A stabilogram represented by an elliptical figure of
different directions and with different expressions
of eccentricity (degree of the ellipse elongation) was
used as a graphic presentation of the PC oscillations
(Fig. 2). The PC deviations in the frontal x (mm)
and sagittal y (mm) planes were calculated, and the
ratio of the y to x parameters was calculated, that
is, the ratio of the length of the statokinesiogram
ellipse to its width (y/x) was determined in order
to identify the vertical balance strategy (frontal or
sagittal) in patients [13].

The parameters were determined, namely the
PC coordinates X (mm) and Y (mm), the average
length of the trajectory of the PC (L, mm), and the
area S (mm?). The sign and the average value of the
angle of the preferred direction of the oscillation
relative to the sagittal plane Al (°) and its change
in the test with open and closed eyes AAl (°) were
calculated.

Statistical processing methods: Since the character
of the stabilometry indices distribution according to
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the Shapiro-Wilk test was defined as nonparametric,
the Mann-Whitney test was used to compare the
values of unrelated samples. The data are presented
as the median and interquartile range (25%-75%).
The threshold level of statistical significance
was taken at a value of the criterion of p < 0.05.
The Wilcoxon test was used when analyzing related
samples. A correlation analysis was used, using the
non-parametric Spearman coefficient r; to study the
linear relationship of the two attributes.

Results

In all pediatric patients with shortening of
the lower extremity, pronounced disorders of the
postural balance were revealed, as indicated by the
data of quantitative indicators (Table 1). This was

manifested by a significant increase in comparison
with the norm of the average values of L and S of
the oscillations of PC in both groups of patients,
and there were no significant differences in the
said indicators between the pediatric patients of
groups 2 and 3.

Analysis of the displacement of PC in the
frontal plane (X-axis, mm) enabled confirmation of
the asymmetric distribution of body weight on the
lower extremities in patients of both groups. In this
case, the affected extremity was compensatorily
unloaded, and the body weight was redistributed
towards the intact lower extremity. The average
values of the lateral displacement of PC were
significant for patients with congenital and acquired
shortening but did not differ between the groups
of patients. Moreover, the correlation between the

Table 1
Statokinesiogram indices of healthy children and patients with unilateral shortening of the LE
Groups of pediatric patients examined
. Patients with congenital | Patients with acquired | Mann-Whitney test,
Parameters Heallt/}[lz (C 5111_d(r26§1 ey shortening of the LEs (2) | shortening of the LEs (3) p-value
n= 111 2 Me (Ql_Qz) Me (Q1_Q2)
n=11 n=11
X (mm) | OE 0.3 21.9 11.8 Py, < 0.0001
(0.1-0.4) (2.2-26.0) (7.6-27.7) Py =0.0001
p,5=10
CE 0.3 21.6 11.4 Py, = 0.0007
(0.1-0.4) (3.3-25.2) (4.8-19.1) Py < 0.0001
Py = 0.646
Y (mm) | OE 3.7 242 32.8 Py, =0.293
(2.4-5.2) (3.9-37.8) (28.4-49.4) P15 <0.0001
Py 5= 0.057
CE 7.7 25.6 375 Py, =0.088
(4.4-9.5) (3.3-38.2) (30.7-51.8) Py < 0.0001
Py =0.03
L (mm) | OE 637 835 986 Py, =0.004
(532-705) (723-1152) (811-1035) P13 = 0.0005
Py = 0.646
CE 766 1206 1041 Py, = 0.003
(650-911) (902-1430) (848-1296) P15 =0.007
Pys = 0.694
S (mm?) | OE 366 529 880 P, = 0.066
(344-621) (365-1109) (570-1343) P15 =0.007
Py =0.115
CE 698 861 1184 P1, =0.056
(386-806) (598-1035) (419-1571) Py = 0.087
Py s =0.599
y/x 1.39 1.18 1.13 p1,=0.015
(1.23-1.67) (0.95-1.40) (0.86-1.51) P15 =0.010
Py = 0.664

Note. Pioi-32-3
CE — closed eyes.

— significance level of differences between groups. Me — median; LE — lower extremities; OE — open eyes;
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Table 2
Correlation analysis of linear dependence of the PC displacement along the X and Y axes
on the value of shortening the LE Al in patients
Spearman correlation coefficient r,
Groups of patients examined Dependence Dependence
X~Al Y ~ Al
With congenital shortening of LEs OE 0.51 0.43
n=11
( ) CE 0.61 0.49
With acquired shortening of LEs OE 0.58 0.22
n=11
( ) CE 0.51 0.45
Note. PC — pressure center; LE — lower extremities; OE — open eyes; CE — closed eyes.
Table 3

Values of the angle of the preferred oscillation direction of the PC of statokinesiograms of healthy children
and patients with unilateral shortening of the LE

Groups of pediatric patients examined
. Patients with congenital Patients with acquired Mann-Whitney test,
IIapameTpnt Heal&? (Cgll_dée;l (1) shortening of the zI(;JES (2) shortening of theqLEs 3) p-value Y
n= 111 2 Me (Ql_Qz) Me (Ql_Qz)
n=11 n=11
|All, ° | OE 2.6 5.3 2.7 pi,=0.013
(1.1-2.8) (2.4-7.7) (1.4-5.3) P1s=0.1
Py y=0.149
p=0.859 p=0.026 p =0.006
CE Py, < 0.0001
14 14.4 9.1 P13 < 0.0001
(0.1-2.9) (11.5-20.9) (5.3-20.4) P,z = 0.149
AAL ° 2.5 9.8 7.9 Py, = 0.0005
(0.4-3.0) (7.2-16.2) (5.4-19.7) P15 =0.007
Pys=0.599

Note. p,_,._s, ; — significance level of differences between groups; p — significance level of differences in the group with tests with
open and closed eyes (Wilcoxon test); | | — module of indicators. PC — pressure center; LE — lower extremities; OE — open eyes;

CE — closed eyes.

magnitude of the lower extremity shortening, Al
and the X coordinate was moderate in both groups
with open and closed eyes (Table 2). This nature of
the asymmetric distribution of the body weight to
the lower extremities may indicate a compensatory
redistribution of the static load when standing in
favor of a healthy lower extremity due to a decrease in
the support function of the affected lower extremity.

Analysis of the PC displacement in the sagittal
plane (Y-axis, mm) revealed a significant anterior
deviation only in patients with acquired shortening
of the lower extremity. Moreover, the average value of
the Y coordinate in this group differed significantly
from that in healthy children, as well as in patients
with congenital shortening of the extremity. In the
same group of patients, a weak correlation was
found between the magnitude of the shortening
of the lower extremity, Al, and the Y coordinate
with visual control, which turned into a moderate
relation when testing with eyes closed. However, in

patients with congenital unilateral shortening of the
lower extremities, regardless of participation in the
control of posture of visual afferentation, correlation
analysis revealed a stable moderate dependence of
the Y coordinate on the magnitude of shortening of
the lower extremity, Al

When analyzing the shape of the stabilograms,
a significant decrease was revealed in comparison
with the norm of the average values of the y/x ratio
in both groups, which was manifested by a decrease
in the elongation of the ellipse in the sagittal
plane. This indicates the presence in both groups
of patients with an equally pronounced tendency
of an equally probable strategy of PC oscillations
both in the sagittal and frontal planes. This strategy
of maintaining balance is close to pathological,
which may indicate a significant decrease in the
adaptive capabilities of the musculoskeletal system
in patients with asymmetries in the length of the
lower extremities.
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Fig. 2. Signs of the angle of the preferred direction of the pressure center oscillations on the statokinesiograms: a — Healthy
child B., 10 years old, with a symmetrical load on the lower extremities; b — patient N., 12 years old, with congenital
shortening of the left lower extremity; ¢ — patient T., 13 years old, with acquired shortening of the left lower extremity.
The long axis of the ellipse is the direction of oscillation, clockwise relative to the sagittal plane is a positive angle, and
counterclockwise is a negative angle. The solid line is with eyes open and the dotted line is with eyes closed

The average angle of the oscillation direction,
Al, of the PC in pediatric patients with acquired
shortening of the lower extremity remained within
normal values under the conditions of preserved
influence of visual afferentation and only increased
significantly when conducting tests with closed
eyes (Table 3). According to the considered
parameter, the group of patients with congenital
unilateral shortening of the lower extremity showed
a difference, namely that the average angle of the
oscillation direction, Al, significantly exceeded that
in healthy children, both with and without visual
control.

The magnitude of the change in the angle of
the direction of oscillation, AAl, between the tests
with open and closed eyes significantly exceeded
the norm in the group with congenital shortening
of the lower extremity. In the group of patients
with acquired shortening of the lower extremity,
AAl indices had significant differences compared
with those in healthy children only with eyes closed.

0.06
0.05
0.04
0.03
0.02

Criterion density

0.01

0

-7 -7 3 13 23 33

Angle of the oscillation direction
—— Open eyes

a

A quantitative picture of the state of the angle of Al
oscillation direction is complemented by qualitative
analysis.

On the statokinesiograms of healthy children,
the angles of the direction of oscillations deviate
slightly from the sagittal plane, regardless of the
influence of visual control (Fig. 2, a). In pediatric
patients with congenital shortening of the lower
extremities, the direction of the angle of oscillation
remains unchanged regardless of the participation
of visual control. Furthermore, the direction of
the angle of oscillation is related to the side of the
lesion, in that it has positive value with the left-sided
lesion and negative value with the right-sided lesion
(Fig. 2, b). In patients with acquired shortening of
the lower extremities, the sign of the angle of the
PC oscillation direction changes to the opposite,
depending on the state of visual afferentation
(Fig. 2, o).

Regardless of the sign of the oscillation direction
in both groups, the value of the angle module, Al,

0.08 F T T T L
0.06

0.04

Criterion density

0.02

-6 4 14 24 34
Angle of the oscillation direction

——— Closed eyes
b

Fig. 3. Density curve of the angle values of the preferred direction of pressure center oscillations on the statokinesiograms
of patients with unilateral shortening of the lower extremities: @ — with congenital shortening of the lower extremity;
b — with acquired shortening of the lower extremity
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was greater with closed eyes than with eyes open
(Fig. 3, a and b), which may indicate a decrease in
postural stability without visual afference.

Discussion of the results

It is well known that in healthy people, under
normal conditions, body weight is symmetrically
distributed between the lower extremities, which
are equally involved in creating a moment of force
that compensates for the inclination of the body
from the equilibrium position. The asymmetric
distribution of the load means that a more
loaded lower extremity takes a more substantial
part in maintaining the orthograde posture than
an unloaded one [14]. Imbalance itself triggers
adaptive postural motor reactions [15], and with
a prolonged asymmetry of the lower extremities,
a pathological motor stereotype is generated in
a patient [16]. In the present study, pronounced
impaired postural stability was revealed in pediatric
patients with unilateral shortening of the lower
extremity of congenital and acquired genesis.
In both groups of patients with an asymmetry of
the length of the lower extremities, an increase in
stabilometric parameters, such as S and L of the
statokinesiograms, was noted in comparison with
healthy children. A pronounced adaptive reaction
to unilateral shortening of the lower extremity was
an increase in the load on the intact extremity due
to a decrease in the support function of the affected
lower extremity. Destabilization of the upright
position was also registered in the sagittal plane,
and depending on the shortening genesis, patients
implemented different strategies for maintaining
postural stability. Despite the fact that in all patients,
the foot support point of the affected side was
displaced to the anterior part, in pediatric patients
with congenital shortening of the lower extremity,
the PC was not only displaced significantly in the
front direction, but there was also a tendency to
displace the PC posteriorly. However, in patients
with acquired shortening, a marked displacement
of PC anteriorly was noted, similar to that which
occurs in healthy people during artificial creation of
a minor instability of a vertical posture by arbitrary
partial transfer of body weight to one lower
extremity and unloading of the other [17]. Thus,
in pediatric patients with acquired shortening of
the lower extremity, an additional static moment is

created to maintain a vertical posture in the sagittal
plane, which helps to increase the body balance
stability. In addition, in this group of patients, with
open eyes, the displacement of PC along the Y-axis
did not depend on the shortening of the extremity,
Al, which testifies in the preservation of the
physiological mechanism of maintaining the vertical
stability. In patients with congenital shortening of
the lower extremity, the PC displacement in the
sagittal plane correlated well with shortening of
the extremity and did not depend on the flow of
visual information, which indicates a pronounced
pathological establishing response of the body
balance control system and impairment of the
postural control stereotype.

It should be noted that patients of the studied
groups, despite the uniformity in age and magnitude
of the lower extremity shortening, differed in the
level of damage to the growth zones of bones.
There were also differences in the severity of
hypotrophy of the muscles of the lower extremities.
Such anatomical aspects must be considered when
interpreting patient balance. In the group of
pediatric patients with congenital shortening of the
lower extremity, the growth zones of the bones that
form the knee joint responsible for sagittal balance
were more often involved in the pathological
process. In patients with lesions of the proximal
metaepiphyseal zone of growth of the femoral
bone, impairment of the vertical balance with the
pathological orientation of the PC oscillations in
the frontal plane could be expected. However, it
must be considered that in pediatric patients with
a chronic unequal length of lower extremities,
regardless of the etiology, compensatory changes in
the kinematic chains of the musculoskeletal system
develop. On the one hand, this is manifested by the
lateral distortion of the pelvis and the creation of
a spinal curvature arch [18]. On the other hand,
all the links of the musculoskeletal system interact
diversely, which, in the process of child growth,
leads to steady positive changes in locomotion
biodynamics [19]. Considering that the muscles of
the pelvis and spine make the greatest contribution
to human vertical balance regulation, along with the
muscles of the lower extremities [20], their complex
interaction in patients with different lengths of the
lower extremities of various origins likely leads
to an averaged balanced adaptive response of the
postural control system to abnormally modified
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biomechanical conditions. This assumption is
supported by the results of the present work on
the assessment of the balance strategy (frontal or
sagittal) in pediatric patients, namely that the average
y/x ratio indicates the sagittal balance strategy in
patients of both groups, the severity of which did
not differ between the two groups, although it was
reduced compared with the norm.

Arbitrary values of the sign of the angle Al
of the oscillation direction of PC in patients
with acquired shortening of the lower extremity
correspond to the principle of the statokinesiogram
axial direction distribution typical for healthy
children. That is why, according to the results of
this study, the partially unloaded lower extremity
is actively involved in postural control in patients
with acquired shortening, which can be a sign of
the formation of an adaptive motor stereotype that
is close to the physiological one. This means that in
such patients, the system for ensuring the postural
balance of the body is stabilized adequately under
the new conditions.

In pediatric patients with congenital shortening
of the lower extremity without visual control, the
sign of the angle Al of the PC oscillation direction
remained unchanged. Thus, a decrease in the flow
of afferent information in connection with visual
deprivation was not accompanied by sensory
correction of the PC movements by proprioceptors.
This motor strategy, devoid of the advantages
of the visual regulation system, is manifested by
destabilization of the postural balance system since,
in the absence of visual control, the mechanism of
maintaining vertical stability does not fully correct
the child’s body position in the spatial planes.
The specified program of motor activity, which is
responsible for the effectiveness of postural control,
is considered non-optimal or pathological [21]. This
suggests the formation of a non-optimal motor
stereotype in patients with congenital shortening of
the lower extremity.

It should be highlighted that this study only
included pediatric patients with an uncomplicated
form of asymmetry of the lower extremities, as
they had a preserved axis of a shortened extremity.
Therefore, the data presented in this study do not
reveal all aspects of the problem, require careful
interpretation, and cannot be applied to patients
with the unevenness of the lower extremities in
combination with their deformities.

Conclusion

The stabilometry method enables determination
of the state of adaptive postural mechanisms to
assess the formation in patients with unilateral
shortening of the lower extremity of the degree
of the motor stereotype adequacy, depending on
the lesion etiology. It has been established that,
in patients with acquired shortening of the lower
extremity, an adequate adaptive motor stereotype is
generated, which is close to physiological. In patients
with congenital shortening of the lower extremity,
a different strategy for maintaining postural stability
is noted, which is characterized by the formation of
a non-optimal motor stereotype in the form of a lack
of compensatory PC displacement, anteriorly along
the sagittal component, as well as the constancy of
the angle of the preferred direction of oscillation,
independent of the influence of visual afferentation.
The pathological postural reaction in such patients
can be considered as a criterion for reducing
adaptive capabilities of the postural stability. The
proposed methodology for diagnosing motor
disorders is promising for assessing the efficacy of
the formation of a new motor program in patients
after surgical elongation of the lower extremity
using transosseous distraction osteosynthesis.
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