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Abstract

The aim of the work is to study the biomechanical properties of the myo-fascial kinematic chain "foot-shin" of children of 7-14 years
old with non-fixed and clinically expressed flat-footedness.

Material and methods. The study involved 14 children with flat-footedness of grades I-Il and 6 children with flat-foot deformity of the
foot and 20 children who only had functional disorders of the foot. An anthropometric study of the foot was carried out,
electrophysiological indicators of the muscles of the leg were determined, and plantograms were analyzed.

Results. The study found a correlation between the indicators of the anatomical and functional state of the foot and the imbalance of
the frequency-amplitude indices of the ipsi and contralateral muscles within one link of the myofacial kinematic chain, may be
important as one of the factors that contribute to the development of flatfoot. This is confirmed by other indicators and indicate a
decrease in the height of the longitudinal arch, a decrease in the metatarsal and heel angles of the arch of the foot. Such changes have
a pronounced relationship with age. The results of the work indicate that a possible cause of flattening of the vaulted apparatus of the
foot is not only the weakness of its joint-ligament-muscular system, but also above the located kinematic segment - the tibia. The
correlation analysis revealed the relationship between the indicators of the development of the anatomical and biomechanical
components of the foot and the characteristics of the electromyographic indicators of the muscles of the leg in children 7-14 years old.
As a result of a comprehensive study, it was found that during this period of ontogenesis in the formation of flatfoot such
electromyographic indicators as frequency-amplitude characteristics of action potentials of motor units of the long and posterior tibial
muscles, as well as their tone imbalance, take on major importance.

Conclutions. Experimental studies have established that the registered changes in the articular components of the foot of children 7-
14 years old lead to a change in the electromyographic parameters of the muscles of the leg, which are involved in the formation of
the initial sections of myo-fascial kinematic chains.

Key words: foot, electromyography, plantography, children of school age.

AHoTauinA

Oanvwyk A.T. Bname mio-dacuiaibHUX KiHeMaTUYHUX IAHLIOTIB FOMINIKM Ha PO3BUTOK NIOCKOCTONOCTI y gjtelt 7-14 pokis

MeTa poboTn — B1BUMTM BiomexaHiuHi BNacTMBOCTI Mio-pacLiasbHOrO KiHEMaTMYHOro NaHutora “crtona-rominka” aitent 7-14 pokis 3
HediKCOBaHO | KNiHIYHO BUPaXKEHO NIOCKOCTONICTHO.

Matepian i metoan. Y pocnigxKeHHAX B3AAM yyacTb 14 aitel, Wo matoTb niockoctonicTb |-l cTyneHa BaxkkocTi i 6 Aaitent 3
NNIOCKOBaNbrycHoo aedopmaujieto ctonu i 20 AiTer, y AKUX BUABAEHI TiNbKM QYHKLIOHANAbHI MopylieHHAa cTonu. [poseaeHo
QHTPOMOMETPUYHE CTOMMW, BU3HAYAAN eNeKTPOdi3ioNoriyHi MOKa3HMKM M’A3IB TOMIZIKM, aHanizyBaAu naaHTorpamu. Pesynbtatu. Y
OOCNIAKEHHT BUABNEHWUI KOPenauiMHWUi B3aEMO3B'A30K MiXK MOKA3HMKaMM aHAaTOMO-PYHKLOHAbHOTO CTaHy cTonu i aucbanaHcom
YaCTOTHO-aMMAITYAHWUX MOKa3HMKIB iMnci- i KOHTpAaTePanbHUX M'3iB B MeXKax ofHiei mio-daliasbHOI KIHEMATUYHOI IaHKK, LLO MOXKe
MaTW 3HAYEHHA AK 0AMH 3 GAKTOPIB, AKWIA CNPUAE PO3BUTKY NAOCKOCTONOCTI. Lie niaTBepaKyeTbea iHLWMMM NOKa3HUKaMM, LLO CBiAYaTb
NPO 3HWMKEHHA BUCOTU MO30BKHBOIO CKAEMIHHA, 3MEHLUEHHAM MNJeCHOBOTO i N'ATKOBOrO KyTiB CKAEMiHHA CTOMKW. TaKi 3MiHWM MatoTb
ACKPABO BMPAXKEHWU B3aEMO3B'A30K 3 BIKOM. Pe3ynbTaT poboTH BKA3YOTb, WO MOXKAMBOK MPUYMHOO CM/IOLWEHHSA CKAENiHYacToro
anapary CTonu € He TiNbKK cnabkicTb ii cyrnoboBo-38’A3K0BO-M'A30BOr0 anapaTy, ajse i BULLe PO3TallOBAHOIO KIHEMATUYHOTO CErMEHTY
— rominku. NposeaeHUn KopenALinHMIA aHani3 BUABMB 3a1EKHICTb MiXK MOKa3HMKaMM PO3BUTKY aHAaTOMO-HioMexaHiYHMX KOMMNOHEHTIB
CTONM Ta 0COBNNBOCTAMM e1leKTPOMIOrpadiyHNX MOKA3HMKIB M'A3iB TOMINKK Y AiTer 7-14 pokis.

BWCHOBKM. EKCeprMeHTanbHUMU A0CNIAXKEHHAMMW BCTaHOBEHO, LLLO 3aPEECTPOBAHI 3MiHM Cyrn000BUX KOMMNOHEHTIB cTONM AiTel 7-14
POKiB MPV3BOAATL A0 3MiHW eNeKTpomiorpadiuyHMX MOKa3HMKIB M'A3IB FOMINKKM, SKi NPUAMAOTb y4acTb Y GOPMYBaHHI MO4aTKOBUX
OiNAHOK Mio-dacuiaNbHUX KIHEMATUYHUX NaHLLIOTIB.

Kntoyosi cnosa: ctona, enekTpomiorpadis, naaHtorpadis, 4T WKIAbHOTO BiKY.

AHHOTaUuA

Oanunwyk A.T. Bananue muo-dacumanbHbiX KUHEMaTUUYECKMX Lienei roNeHn Ha pa3BuTve naockoctonua y aeteit 7-14 net

Llenb paboTbl — M3yunTb BUOMEXaHUYeCKMe CBOMCTBa MUO-PacLmanbHOM KMHeMaTMYecKoln Lenun "cTona-roneHs” aeteit 7-14 net ¢
HebUKCMPOBAHHOM M KNMHUYECKM BbIPAXKEeHHbIM MJIOCKOCTONMMUEM.

Matepuan u metogpl. B nccnenoBaHuax NpuHAAM yyactue 14 netei, umetowmx naockoctonue -1l cteneHun Taxkectu n 6 aeten ¢
NNOCKOBaNbrycHoto Aedopmaumert ctonbl M 20 aeter, y KOTOPbIX OBHApy)KeHbl TOAbKO OYHKUMOHANbHbIE HApyWeHWA CToMbl.
[lpoBeAeHO aHTPOMOMETPUYECKOE UCCNeL0BaHME CTOMbl, ONpPeAenanu 31eKTPOOU3INONOTMYECKME MOKa3aTenn MblWL, TONEHMU,
aHaNN3MPOBaNW NNAHTOTPAMMbI.

PesynbTaTbl. B uccnegoBaHMM oOHApy:KeHa KOPPEeNnsuMoHHas B3aMMOCBA3b MEXAy MOKa3aTenAMM aHAaTOMO-QYHKLUMOHAAbHOIO
COCTOAHMA CTOMbI U AUCHANAHCOM HYACTOTHO-aMNAUTYAHbIX NOKa3aTenel UNCcK- U KOHTPATepasibHbIX MbIWL, B NpeAenax 04HOro 3BeHa
MUO-baUManbHON KMHEMATUYECKOW LEenu, MOXET MMeTb 3HayeHWe KaK ofauH M3 $aKTopoB, KOTOPbIM CMOCOBCTBYET pPa3BUTUIO
MNOCKOCTONMA. ITO MNOATBEPNKAAETCA APYrMMM MOKa3aTeNdmMn U CBUAETENbCTBYIOT O CHMMKEHMM BbICOTbI MPOAONLHOMO CBOAQ,
YyMeHblIeHNeM NICHEBOro M NATOYHOrO YI/10B CBOAA CTOMbI. TaKne U3MEHEHMA MMEIOT APKO BblPaXKeHHY0 B3aMMOCBA3b C BO3PACTOM.
Pe3ynbTaTbl paboTbl YKa3bIBAOT, YTO BO3MOKHOM NPUYMHOM YNAOLWEHWA CBOAYATOrO annapaTa CToMbl ABAAETCA He TO/IbKO cnabocTb ee
CYyCTaBHO-CBA30YHO-MbILLIEYHOTO annapaTta, HO W Bblle PACMONOXKEHHOrO KMHEMATUYECKOro CermeHTa - roneHw. lposeaeHHbIN
KOPPENAUMOHHbIN aHaNM3 BbIABMA 3aBMCMMOCTb MEXAY NOKa3aTenaMM pa3BUTUA aHAaTOMO-BMOMEXaHUYECKMX KOMMNOHEHTOB CTOMbI M
0COBEHHOCTAMM 31EeKTPOMMOTrpadUUecKmx NoKasaTenen MbllL, roneHn y aeten 7-14 ner.

BbIBOAbI. DKCNEPUMEHTANbHBIMU UCCNEA0BAHUAMM YCTAHOBEHO, YTO 3aPEerncTpPMpPOBaHHbIE M3MEHEHWUA CyCTaBHbIX KOMMOHEHTOB
cTonbl Aetel 7-14 net NnpuBOAAT K M3MEHEHMIO 3N1eKTPOMMUOTrpaduUecKmx noKasaTenen Mbllil, roNeHK, KOTopble MPUHUMAIOT yYacTe
B GOPMMPOBAHMMN HAYa/IbHbIX Y4aCTKOB MUO-GacLMaNbHbIX KUHEMATUYECKMX Lienel.

Kniouesble cnoea: ctona, anektpomumorpadua, niaHTorpadus, 4eT WKOAbHOro BO3pacTa.

© Danishchuk A.T., 2019

28



Health, sport, rehabilitation
3p0poB’sa, cnopT, peabinitauia
3p0poBbe, CNopT, peabunurauua

- 2019
Y ) 5(2)

- ——

Introduction

The first place among the pathologies of
the lower extremities in children is occupied not by
the flat foot itself, but by various functional
disorders of the foot, the frequency of which,
according to a number of authors [1, 2], ranges
from 35.1 to 63.8%. Many researchers have found
that non-fixed foot disorders or mobile flat feet
over time can lead to serious changes throughout
the body and cause flat feet and flat feet, as a
separate nosological unit [3].

First of all, flat feet and flat-footed foot are
characterized by pronounced deformation of the
foot, which is manifested in a decrease in the height
of the longitudinal arch, combined with pronation
of the heel and supination contracture of the
anterior foot [4]. Violations of the support-
depreciation function of the foot in children 7-12,
it is very difficult to detect because these changes
are hidden and do not cause pain for some time. At
the same time, a slight aching or mild character
remains only a subjective feature, which is often
left unattended by parents [5].

One of the reasons for the flattening of the
longitudinal arch of the foot is the weakness of the
musculoskeletal system, not only the foot itself, but
also the muscles of the shin [6]. Together, they
form the first link in the so-called myo-fascial
kinematic chains (IFLC). The theory of their
existence and decisive role in the biomechanics of
the human body has recently become widespread
relevance and is the subject of much attention,
especially in the preparation of physical therapists

[7].

Experimental studies [8] found that in
violation of the vaulted apparatus of the foot in
parallel there is a decrease in the depreciation
properties of the lower extremity and impaired
spinal function of the spine. This is due to the
biomechanical features of the foot-spine kinematic
pair, as one of the three existing elastic segments
of the human body (the third element is myo-
fascial kinematic chains [7]). Each of them
provides mechanical shock absorption in at least
two mutually perpendicular planes [9]. The
importance of correct and consistent, in space and
time, the functioning of these three elements of the
musculoskeletal system is difficult to overestimate,
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since the violation of at least one of them on the
one hand causes a direct proportional exhaustion of
the reserve capacity of the other two, and on the
other - is the cause of pathology above and below
the kinematic links of the human body. Therefore,
it is very important to study the first components of
the myo-fascial kinematic chains (in our case, these
are the tibia muscles), the development of which
will largely depend on the condition of the vaulted
foot apparatus [8].

The above was the basis for an in-depth
study of the biomechanical properties of the
skeletal muscles of the tibia of children of all ages
who have I-Il degree of flat feet or flat-mouth
deformity of the foot compared with children who
have only found functional changes in the foot,
which are located in SA.

The aim of the study is to study the
biomechanical properties of myo-fascial kinematic
chain of the foot-tibia of children 7-14 years with
unfixed and clinically pronounced flat feet.

Material and methods

The analysis and theoretical generalization
of the specialized scientific literature, pedagogical
observation, anthropometry [10],
electromyography, video computer foot analysis,
statistical data processing (“Statistics 6”) have
been carried out.

Electromigraphy was performed using the
Neuro-EMG-Micro computer-based
electromyrographic complex manufactured by
Neurosoft (Russia). The muscles involved in the
lateral (long tibia) and dorsal (posterior tibia) of the
myo-fascial kinematic chains of the right and left
tibia were examined.

Video-computer analysis was performed
with the help of the system for determining the
functional state of the locomotor system “DIERS
FAMUS” (Germany), which allowed to perform
guantitative analysis of the planograms of the foot
in static position and dynamic load during walking
(Fig. 1). The study involved 14 children with flat
feet I-1l severity and 6 children with flat-foot
deformity of the foot (experimental group 1) and
20 children with functional disorders of the foot
(experimental group 2).
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Fig. 1. General view of the computer planogram analysis page in static (a) and dynamic (b) planograms using
DIERS FAMUS (Germany)

All children are engaged in the Taeckwon-to-  due to the peculiarities of bone junction and the
Ivano-Frankivsk section for 2-7 years. In the images  ligamentous apparatus of the foot).
of the foot in different planes, using the ImageJ

program (USA), in addition to the linear dimensions, Results
the angular characteristics of the CAC were
measured: the mold angle o (characterizing the As a result of comparative examination, it

spring properties of the foot associated with the  was found that the children of the first experimental
retention of the active components of the muscles)  group had statistically significant differences (p
and the heel angle B ( characterizes the spring  <0.05) in height of the vaulted apparatus of the foot
properties associated with the passive components,  (Fig. 1).
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Fig. 1. The height of the longitudinal arch of the foot in children with fixed flat feet and flat feet of the I-11
degree at the age of 7-14 years:
EG-1 is experimental group 1
EG-2 is experimental group 2
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The analysis of the results showed that the
decrease in the musculoskeletal properties of the feet
of schoolchildren is accompanied by a decrease in the
performance of the motor units of the muscles under
study according to electromigraphy. Against this
background, the asymmetry of muscle tone, which
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belongs to one myo-fascial kinematic chain, is
revealed. This was reflected in the higher values of
the frequency-amplitude characteristics of the action
potentials of the motor units of the long tibial muscle
and the decrease in the electromigraphic indices of
the posterior tibial muscle (Fig. 2).
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Fig. 2. Qualitative (1) and quantitative (2, 3) electromyographic indexes of the long tibial muscle (A) and
posterior tibial muscle (B) in a 10-year-old child with flat-footed I-11 severity
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Significant differences were observed when
comparing the angular characteristics of the foot. In
all children, experimental group-1 mean mold angle

30 4

was 1.1-1.5 ° less than in experimental group 2 (Fig.
3).
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Fig. 3. The magnitude of the angle o (a) and the angle B (b) in children with unfixed flat feet (EG-2) and flat

feet I-11 severity (EG-1), depending on age:
EG-1 is experimental group 1
EG-2 is experimental group 2

Changing the height of the vaulting device of
the foot as the age of children in both groups, as a
rule, is accompanied by a significant increase in the
tone of the long tibial muscle by an average of 4.0%
and the anterior tibial muscle - by 6.8% per year,
which is manifested first of all, by increasing the
amplitude of the action potential of the motor unit
(Fig. 3). The dynamics of change in tone of the
studied muscles of the lower extremities is wavy. The
greatest increase in the tone of the muscles under
investigation is from 7 to 8 years and from 10 to 12
years.
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As a result of correlation analysis it is
established that the index of the height of the arch of
the foot has a certain relationship with the linear
dimensions of the foot itself and the geometry of its
articular formations: the length of the foot (r = 0,58,
p <0,05), the length of the supporting part of the arch
of the foot (r = 0.56, p <0.05), the height of the arch
of the foot (r = 0.75, p <0.05), the height of the rise
of the foot (r = 0.83, p <0.05), as well as the value of
the metatarsus (r = 0.80, p <0.05) and heel (r = 0.84,
p <0.05) angles.
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Discussion not so much by tendons and ligaments, but by the

Features of biomechanics of the foot, which
is the most important link in the general myo-fascial
kinematic chains, largely determine the
biomechanics of movements of the lower
extremities, spine and human body as a whole [11,
12, 13].

One of the main features of this fairly
sophisticated design is that the cushioning ability of
the foot, contrary to popular belief, is determined
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tone of the anterior tibial and long tibia cu

5

dynamic performance of a large group of foot and
leg muscles [3, 14, 15] . However, according to
many authors [5, 16, 17], the most effective
correction of flatfoot is possible only at the age of
12 years, since by this age the vaulted apparatus of
the foot is finally formed. Therefore, in our study,
we chose the age range of children under 14 to test
the effectiveness of physical therapy after 12 years
and to identify or deny their effectiveness at that

age.
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Fig. 4. Indices of anterior tibial and long tibial muscle tone of children 7-14 years: A - children with flat-foot

deformity of the foot; B - children with not fixed flat feet:
EG-1 is experimental group 1
EG-2 is experimental group 2

To date, the causes and mechanisms of
development (etiopathogenesis) of flat foot and flat
foot in children have not been sufficiently studied
[2]. There are many theories about the occurrence of
this pathology, each of which has the right to exist.
However, the only theoretical basis characterizing
these stato-dynamic disturbances has not yet been
formed [11, 18, 19].
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Therefore, we propose our own vision of this
problem, which is based on a theoretical and practical
basis on the unity of anatomic-biomechanical factors,
which is clearly presented in the theory of myo-
fascial kinematic chains. According to this theory [7,
20, 21], all groups of the leg muscles and their own
muscles of the foot are involved in the formation and
retention of the vaulted apparatus of the foot [2].
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Together they represent the first link of myo-fascial
kinematic chains. Prevents valgus (deviation of the
foot outward) deformation of the foot, mainly the
posterior group of the leg muscles. Conversely, the
lateral group of the tibiae muscle raises the lateral
edge of the foot (pronation), while participating in
the formation of flat-valvular (combination of valgus
and flatfoot) deformity of the foot [4]. Therefore, in
our work we investigated the EMG activity of the
muscles of these two groups. The revealed
asymmetry of the amplitude-frequency
characteristics of these muscles in DG-1 children
confirms the opinion of some authors [1, 3, 6], about
the significant role of the initial links of IFLC in the
formation of the correct SAS. On the other hand, he
argues that the lag in their development (primarily
power characteristics) against the background of the
tonic imbalance of these muscle groups plays the
function of a trigger factor for the development of flat
foot and flat-foot deformity of the foot. This
approach will allow you to review the views on the
treatment and prevention regimens of such foot
defects and to apply non-traditional physical
exercises for the development of power, while
restoring the symmetry of muscle tone in the ipsi and
contralateral structures of one myo-fascial kinematic
chain. Such exercises can be a training complex and
taekwon-do, which  has  movements that
simultaneously develop the flexibility, coordination
and strength of the muscles of the lower extremity.

The quantitative changes we found in the
anthropometric parameters of the vaulted apparatus
of the foot indicate a significant difference,
especially in relation to the height of the arch and its
angular characteristics, between children with severe
pathology and functional disorders of the foot.
Therefore, they should be used to monitor the
effectiveness of physical therapy, as they objectively
reflect the real condition of the osteoarticular
component of the vault of the foot.

In addition, we also found age dependence
between changes in various indicators, indicating a
greater sensitivity of the vaulting device of the foot
in 7-8 years, compared with older age. This is
probably due to the fact that, at a younger school age,
his reserve capacity is determined more by a ligament
than by a muscular element [2, 6]. Then, as the latter
naturally develops at an older age. It is this pattern

that explains the presence of a large group of
surveyed children with functional disorders of the
foot and substantiates the need for early development
of reserve capabilities to prevent the development of
flat feet.

Conclusions

1. The analysis of the scientific literature
shows that with age, the percentage of cases of
violation of the vaulting apparatus of the foot of
different types decreases: from 53.7 to 72.9% - in
boys 7-9 years, from 46.2 to 59.1% - in 10-12 years
and from 40,1 to 55,3% - 13-14 years. The possible
reason for flattening of the foot vault is not only the
weakness of its articular-ligamentous-muscular
apparatus, but also the tibia above the kinematic
segment.

2. The correlation analysis revealed a
correlation between the development of the
anatomic-biomechanical components of the foot and
the features of the electromyographic parameters of
the tibia muscles in children 7-14 years. As a result
of a comprehensive study it was found that during
this period of ontogeny in the formation of flatness
of the leading value such electromyographic
parameters as the frequency-amplitude
characteristics of the action potentials of the motor
units of the long tibial (r = 0.87, p <0.05) and
posterior tibial (r = 0.81, p <0.05), as well as
imbalance in their tone.

3. Experimental studies have found that
recorded changes in the joint components of the foot
of children 7-14 years lead to changes in the
electromyographic parameters of the tibia muscles,
which are involved in the formation of the initial
sections of the myo-fascial kinematic chains.

The prospects of further research should be
directed to the study of other problems of the
influence of myo-fascial kinematic chains on the
biomechanical properties of the foot and their role in
forming conditions for the development of flat feet
and other deformities of the foot.
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