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Background. Deforming arthrosis of the hip joint in children leads to serious disorders of the walking biomechanics
due to a decrease in the support and motor functions of the lower limbs. In patients with stage III coxarthrosis, when
the potential of reconstructive surgeries has been exhausted, a total hip arthroplasty is performed.

Objective. To study the biomechanical parameters of support ability of the lower limbs in children with bilateral
coxarthrosis before and after bilateral total hip arthroplasty.

Material and methods. Stabilometric and plantographic studies were conducted in 12 patients with bilateral
coxarthrosis, aged from 13 to 17 years old, before and after hip arthroplasty. The time interval between operations
on the contralateral joints ranged from 6 to 12 months. The control group consisted of 15 children of the same age,
with no signs of orthopedic disorders.

Results. Before carrying out hip arthroplasty in patients, the tension of the statokinetic system was revealed during the
implementation of support for the vertical balance of the body. The plantography method made it possible to diagnose
disorders of the support function of the feet in the form of supination rigidity of the anterior section, a tendency
toward rigidity of the internal longitudinal arch. After bilateral total hip arthroplasty in patients, the stability of the
vertical posture improved, the support ability of the heads of the 1st metatarsal bones was significantly restored, and
the weight-bearing distribution across the foot sections was normalized.

Conclusion. After bilateral hip arthroplasty in patients with coxarthrosis, stabilization of the support function of the
postoperative lower limbs was achieved.
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O6ocHoBanme. [JedpopMmupymouuii apTpo3 Ta3o0eLpeHHOIO CycTaBa y HeTell IPUBOAUT K TsKEIBIM HapyLIeHUAM
6VOMeXaHUKM XOAbOBI BCIIEACTBYE CHIVDKEHMs OIOPHOI M JABMIaTeNIbHON (YHKIWIT HIDKHMX KOHe4HocTeil. Ilammen-
TaM ¢ KokcaptposoMm III crapguy, Korja mcyeprnaH NOTeHIaa PEKOHCTPYKTMBHBIX OINE€PALNiA, BBIIONHAIOT TOTAIbHOE
SHJIOIIPOTE3UPOBaHUE Ta300ELPEHHOTO CYCTaBa.

Iens MccmegoBaHus — U3Y4IUTb GMOMeXaHMYECKNE IapaMeTpbl OIOPOCIOCOOHOCTU HIDKHMX KOHEUHOCTeNl Y JeTelt
C IBYCTOPOHHMM KOKCapTpPO30M [0 ¥ IIOCNIe NBYCTOPOHHETO TOTAJbHOTO SHJOIPOTE3MPOBAHNUA Ta300epEeHHbIX Cy-
CTaBOB.
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Matepuan 1 MeTOfbl. Bolmn IpoBefeHbl cTabumoMeTpudeckoe U IIaHTOrpaduueckoe UCCAefOBaHMA 12 TalMeHTaM
C IBYCTOPOHHUM KOKCapTPO30M B BO3pacTe OT 13 mo 17 1eT [0 U mociie S3HAOMPOTe3MPOBAHNUS Ta300eIpeHHbIX CyCTa-
BOB. BpeMeHHOII TPOMEXYTOK MeX/ly olepalliiMy Ha KOHTpa/laTepanbHbIX CYCTaBaX COCTAB/IAN OT 6 o 12 MecAIes.
B KOHTpOJBbHYIO IPyNITy BOLUIM 15 fleTell TOTO >ke Bo3pacTa 6e3 MPU3HAKOB OPTOIENMYECKOI ITaTONIOTVMN.
PesynbraTsl. [lo IpoBefeHNA SHAOIPOTE3MPOBaHNA Y OONIBHBIX JeTell BbIABIeHa HAPSDKEHHOCTh CTATOKMHETUYeCKO
CHCTeMBI IIPU PeaM3aluy MOAAEP>KKM BepTUKANbHOro OamaHca Tema. Mertop mraHTorpaduu MO3BOMNI AUATHOCTH-
pOBaThb HapYIIEHNUs OMOPHOI (PYHKI[UM CTON B BUAE CYNMHAL[MOHHOV PUIMIHOCTY IIE€PETHETO OTHENd, TeH[eHINN
K PUTUIHOCTM BHYTPEHHETO IIPOROIBHOTrO cBofa. Iloc/ie [BYCTOPOHHETO TOTA/JbHOIO SHAOMpPOTE3NPOBAHMUA Ta300e-
PEHHBIX CYCTaBOB y HMAaLMEHTOB YAYYIINIACh CTAOMIBHOCTD BEPTUKANBHON CTOMKM, CYLIECTBEHHO BOCCTaHOBUIACH
OIIOPOCHOCOOHOCTb T'OJIOBOK HEPBBIX IUIIOCHEBBIX KOCTEN, HOpMaIM30BaJIOCh paclpefie/ieHue HArpyskyu IO OTHelaM
CTOIIBI.

3axmouenne. ITocie [BYCTOPOHHETO SH/OIPOTE3NPOBAHNS Ta300efPEHHBIX CYCTABOB y MAL[MEHTOB C KOKCAPTPO30M
IOCTUTHYTa CTabMIM3aLNs OIIOPHOI (PYHKLMM OMEPUPOBAHHBIX HIDKHUX KOHEYHOCTEIL.

KnroueBsnie cmoBa: TaSO6€JIpeHHbH7[ CyCTaB; KOKCapTpO3; SHAOIIPOTE3VPOBAHNE; 6I/IOMCX3HI/IK3; CTOI1a; CTa6I/I}IOMeTpI/IH;

wiaHTorpadust; geTn.

Background

The problem of the hip arthrosis in children
belongs to the complex section of contemporary
orthopedics. The most common causes of pediatric
hip arthrosis are childhood dysplasia, congenital dis-
location of hip, Perthes disease, spondyloepiphyseal
dysplasia, slipped capital femoral epiphysis, conse-
quences of purulent arthritis, and juvenile rheu-
matoid arthritis. Untimely or inadequate treatment
contributes to the development and progression of
coxarthrosis, where its terminal stage III could trans-
form hip joint (HP) into a low-functional anatomy
of HP, leading to severe biomechanical disorders
and results in a decrease in the supporting and mo-
tor functions of the lower extremities [1]. In such
cases, total hip replacement (THR) is suggested to
pediatric patients with irreversible anatomical and
functional disorders, when the potential of repara-
tive surgeries and the own resources of the affected
joint have been exhausted [2].

This organ replacement surgery prevents the
progression of biomechanical disorders of the lower

extremities and improves their support function.
In this regard, it is extremely important to quantify
the support function of the lower extremities in
pediatric patients after THR surgery, especially in
case of bilateral lesion. In addition, the adaptive
capability of the affected lower extremities is of
particularly interesting. Functional diagnostics
of the feet condition, a method for assessing the
support function of the lower extremities, [3],
may help elucidating the load-bearing plantar
characteristics [4].

The study aimed to analyze the biomechanical
parameters of the support ability of the lower
extremities in pediatric patients with bilateral
coxarthrosis before and after bilateral THRs.

Material and methods

Stabilometric and plantographic studies
were conducted in 12 pediatric patients with
bilateral coxarthrosis, stage III, which developed
as a result of HP dysplasia in 6 patients and

b

Fig. 1. Radiograph of the hip joint (HP) of patient A, 16 years old. Spondyloepiphyseal dysplasia. Bilateral coxarthrosis,
stage III: a — before hip replacement; b — after bilateral THR
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Fig. 2. Identification points of plantograms of healthy child B, 12 years old: a — plantogram with double support load;
b — plantogram of the left foot with a single support load; ¢ — plantogram of the right foot with a single support load

spondyloepiphyseal dysplasia in 6 patients. The age
of the patients ranged from 13 to 17 years (average
age was 15.1 £ 0.47 years). The examinations were
performed before (Fig. 1, a) and after (Fig. 1, b) the
bilateral THR within 1-3 years. The time interval
between surgeries on the contralateral joints ranged
from 6 to 12 months.

The control group included age-matched
15 pediatric patients with no signs of orthopedic
pathology.

To assess the state of vertical stability of the
body, a computer-based stabilometric complex
MBN-Biomechanics (MBN, Russia) was used. The
studies were conducted according to the standard
method with open and closed eyes [5], the most
significant parameters of the displacement of mass
center projection (MCP) of the body were calculated
as follows: coordinates X (mm) and Y (mm) of MCP,
and average length L (mm) of the MCP trajectory.

To study the support function of the feet, we
used the hardware and software system Podoskan
(MBN, Russia). To assess the functioning of the
feet over time, we used biomechanical tests with
various weight loads on the foot, namely, the load
with double support plantography (half the weight
of the body on each foot) and with single support
plantography (whole body weight on each foot).

Plantographic characteristics and functional
parameters of the feet were evaluated using our own
technique [6]: we set identification points on the
plantograms, along which the line of the transverse
arch of the foot (BC) and force rays (OG), (OP),
and (OH) was plotted. While walking on the line,
power load is directed respectively to toes I, II,
and V (Fig. 2).

The following plantographic indices were
calculated: t = KE/BC, m = GS/GO, s = PW/PO, and
I = MN/HO, which correspond to anterior, medial,
median, and lateral support indices that indicate
the state of the transverse, internal, median, and
external longitudinal foot arches respectively.

Statistical analysis of the data was performed
using Student’s t-factor. The indicator p was
calculated, p < 0.05 was considered statistically
significant at.

Results and discussion

Analysis of the stabilometric data showed
that patients with bilateral coxarthrosis had no
statistically significant deviations of the body MCP
relative to the absolute value in the frontal plane
(X axis). A significant ventral deviation of MCP was
observed in the sagittal plane (Y axis) compared
with healthy children, which was most pronounced
with closed eyes (Table 1).

Generally, a symmetric loading on the lower
extremities was detected in pediatric patients with
bilateral localization of hip joint lesion, indicating
a mutual compensation for stability disorders in the
frontal plane in each limb, as it requires less energy
for functional activities, such as the upright posture
and walking [7].

As shown in Table 1, patients before and after
THR showed significant increase in deviations in
the statokinesiogram L length, implying an excessive
statokinetic system tension.In contrast, static state
of the musculoskeletal system remained satisfactory,
and the mechanisms for implementing the vertical
balance of the body retained their adequacy.
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Table 1

Stabilometric parameters in patients with bilateral coxarthrosis
before and after total hip replacement (THR)

Groups of the children examined
Parameters
Healthy Pre-treatment Post-treatment
(n=15) (n=12) (n=12)
X, mm 0] 0.26 + 0.08 0.48 +1.17 0.52 +1.34
C 0.23 £ 0.05 0.86 + 0.92 0.96 + 1.48
Y, mm O 9.4 +£0.96 18.6 + 2.14* 12.8 + 1.56
C 6.8 +£0.82 22.4+1.93* {15.2 + 1.84}
L, mm O 678 £24.7 944 + 44.3* 946 + 38.6
C 865 + 25.2 1086 + 52.6* 1116 + 46.4

Note. O, test with open eyes; C, test with eyes closed. *significantly changing rates at p < 0.05 compared with similar indicators in the
norm. { }, significantly changing rates at p < 0.05 compared with the same figures prior to the surgery.

Patients after bilateral THR showed stabilized
MCP in sagittal plane. At that, no negative changes
were revealed in the MCP in frontal plane, since the
average indices of the X axis coordinates virtually
did not change in the same patients.

Taken together, findings indicate that after
organ replacement surgeries in pediatric patients
with bilateral lesion of the hip joint, there was no
deterioration in the symmetry of the distribution
of the load between the lower extremities and
stabilization of the upright posture.

The plantographic study elucidated the plantar
load characteristics during functional tests, as
in patients with bilateral coxarthrosis; there was
a tendency to impair support function of the feet
(supination position of the anterior section). This
was manifested on plantograms where a decrease in
the support ability of the head of the first metatarsal
bone on one (Fig. 3) or on both sides was observed.

In tests with double support on the feet prior
to THR, a significant decrease in the value of the
anterior support index f on feet of the affected lower
extremities was revealed, which indicates a distinct
rigidity of the transverse arch of the feet. During
the transition to single support plantography, there
were no changes in the spring function of the
transverse arches, as indicated by a minor change
in the average value of the front support indexes
in response to a twofold increase in axial load

(Table 2).

The tendency to rigidity was also noted for the
internal longitudinal arch of the feet of the affected
lower extremities, despite the physiological level
of the median index of the support m in double
support plantography, there was no significant
physiological increase with single support
plantography. The support index m turned out to
be significantly lower than the similar indicator in
the norm.

It should be noted that prior to the THR,
double support plantography showed normal
parameters s and /, which indicates functional
consistency of the corresponding arches of the feet
in patients with bilateral coxarthrosis. This fact
suggests a preservation of the adaptive potential of
the musculoskeletal system in patients, which may
be promising in terms of rehabilitation treatment.

After bilateral THR in patients with coxarthrosis,
there was a significant improvement in the support
function of the feet, which was manifested by
a significant restoration of the support ability of the
head of the first metatarsal bone of feet, confirmed
by a plantographic study (Fig. 4).

The distribution of the load on the foot
departments became more uniform and approached
normal values. There was also a significant
improvement in the function of the vaulted apparatus
of the feet, namely there was a complete reliable
normalization of the indicators of the anterior t and
medial m support indexes (see Table 2). And
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Fig. 3. Plantograms of patient A, 16 years old. Spondyloepiphyseal dysplasia. Bilateral coxarthrosis, stage III (before
the THR): a — with double support load; b — with a single support load of the left foot; ¢ — with a single support load
of the right foot. Deficiency of the support function of the head of the first metatarsal bone of the left foot is revealed

Table 2

Comparative evaluation of plantographic characteristics of the feet of healthy children and patients
with bilateral coxarthrosis before and after THR

Plantographic indices (x107%)

Categor .
of chi% ern Double support plantography (M + m) Single support plantography (M + m)
t m s I t m s l
Healthy 93.6+£0.5 [21.8+0.32|24.0 £0.38|13.3 £2.45|96.2 £ 0.34*| 25.2 £ 0.3* [26.3 £0.39%| 1.7 £ 1.19*
(n=30)

Prior to the {85.5 +£2.30}|19.6 £ 1.17 | 22.3 £ 0.81 | 12.8 £ 2.90 |{86.5 + 2.46}|{21.3 + 1.25}| 25.2 £ 0.88 | 4.5 £ 1.17*
treatment
(n=24)

After the [93.2 £ 0.45]|22.2 +0.44 |23.2 +0.32 | 14.5 +£2.30 [[95.4 + 0.65]|[24.3 £ 0.35]| 25.4 + 0.43 | 2.0 + 0.26*
treatment

(n=24)

Note. *significantly changing rates of single support plantography compared with similar indicators of double support at p < 0.05;
{ }, indicators that differ from similar indicators in the norm, with p < 0.05; [ ], indicators that differ from those prior to treatment,
with p < 0.05.

a b c

Fig. 4. Plantograms of patient A, 16 years old. Spondyloepiphyseal dysplasia. Bilateral coxarthrosis, stage III (after total
hip replacement (THR)): a — with double support load; b — with a single support load of the left foot; ¢ — with single
support load of the right foot
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within the range of normal values, the parameters
of the support indices s and I of both feet were
preserved. Such a normalization of plantographic
characteristics after treatment can be explained by
surgical restoration of hip joint biomechanics, which
eliminates excessive anteversion of the femoral
neck [8], restores the head centering and stability in
the HJ [9]. Given that hip joint is the main source
of the generation of “biomechanical reactions” of
the lower extremities in the process of standing and
walking, the change in the distribution of pressure
on the feet enables to determine the condition
of the supporting function not only of the lower
extremities, but also of the hip joints [10].

In addition, the existing biomechanical
connection between the foot and pelvis [11, 12]
serves as a marker of hip joint condition, therefore
a more even distribution of load across the feet
departments and the normalization of their vaulted
apparatus after bilateral THR may indicate an
increase in their functional consistency.

Conclusion

After bilateral THR in patients with bilateral
coxarthrosis, stage III, there is a clear positive trend
in maintaining the vertical balance of the body and
foot biomechanics in the form of normalization
of their functional activity, which may indicate
an improvement in the support function of the
operated lower extremities.
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