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Llenb: npeAcTaBUTL OCBELLEHWE B IUTEPATYpe NOCAeHUX NeT npobaembl BAMAHUA naTonoruum ctonsl (Hallux Valgus, HV) Ha cocTosHMe npokcumans-
HbIX M AUCTa/IbHBIX CYCTaBOB HUMKHEN KOHeYHOCTH (HK) B cpaBHUTENbHOM acneKTe.

Matepuan u meTtoabl: MOUCKU UTEPATYPbI OCYLLECTBAAAMCH B Ba3ax AaHHbIx Web of Science, PubMed v Scopus ¢ Hosbpa 1973 no ceHTabpb 2023
roga no kato4esbiM cnosam «hallux valgus», «buniony, «hip joint», «knee joint», «ankle joint». Kputeprem BrktoYeHUA ABNANOCH HAaNMUME NONHOTEK-
CTOBbIX CTaTel Ha aHIUIACKOM fA3bIKe. KpuTepuem UCKAtOYeHMA ABAAICL 0630pbl, KNTMHUYECKUE Cy4an U abCTpaKTbl.

PesynbTathl: HAPAAY C ONUCAHHBIMK PaHee U3MEHEHUAMM NPOCTPAHCTBEHHO-BPEMEHHbIX NaPamMeTPOB NOXOAKM, KUHEMATUKM CTOMbI U TONEHOCTOMNHO-
ro cyctasa (ICC) npu HV, B nocnesHee Bpems nosBAAOTCA paboTbl OTHOCUTE/IBHO ero BAUAHWUA Ha KUHEMATUKY NPOKCUManbHoOro cermerTa HK, B Tom
uncie cnocobeTBylOWMX PasBUTMIO ocTeoapTposa (OA) KoneHHoro cycTaBa (KC). Mpu aTom HapylleHus KMHeMaTuKK TasobeapeHHoro cyctasa (TBC)
npu HV, npuBoaALLMe K pa3BUTMIO B HEM NMAaTOMOP(OIOTMYECKMX U3MEHEHUI, OCTAIOTCA HEUCCIeLO0BAaHHbIMMU.

3aknioueHue: HV ABnaeTcA pacnpocTpaHEHHbIM 3a60/1€BaHNEM CKENETHO-MbILIEYHOMN CUCTEMBI, 3HAUMTE/IBHO YXYALWAIOWMM KauecTBO KU3HM naLu-
€HTOB M HEPeLKO NPUBOAALMM K UHBANUAM3aLMKN. B To Bpems Kak BauaHue HV Ha KuHemaTuKy ctonbl v CC onucaHo JOCTaToyHO noapobHo, ero
BAMAHUe Ha TBC 0cTaéTcAa ManounsyyeHHbIM. XMpypruyeckoe nedeHne He NPUBOAMT K CYLLECTBEHHOMY YYYLLEHUWIO NoKa3aTenei KNHEMATUKN HUMKHEN
KOHEYHOCTM U Ta3a, a HanpoTHB, MOXKET NPUBOAUTL K € OTPULATEIbHOM AMHAMUKE He TOJIbKO B ONepUPOBaHHOW, HO U KOHTpaTepanbHoi HK, uto
[OMKTYeT HeobX0AMMOCTb B NPOBEAEHUN UCCIEL0BAHUI MO BbIABNEHUIO KAMHUYECKM 3HAUMMbIX KUHEMATUUYECKUX NMapamMeTpoB MOXOAKM U MPOKCH-
MmanbHbIx cyctasos HK npu HV 1 onTuMmM3aumm cyLLecTByoLWMX NOAXOA0B K IeHEHUIO.

Kniouesble cnoBa: hallux valgus, masobedpeHHslli cycmas, 201eHOCMOnHbIl cycmas, 6UOMEXAHUKA Cycmagos, cucmema 3axXx8ama 08UMeHUA.
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Objective: To present the coverage in the literature of recent years of the problem of the influence of foot pathology (Hallux Valgus, HV) on the
condition of the proximal and distal joints of the lower limb (LL) in a comparative aspect.

Methods: Literature searches were carried out in the Web of Science, PubMed and Scopus databases as of September 1, 2023 using the keywords
“hallux valgus”, “bunion”, “hip joint”, “knee joint”, “ankle joint”. The inclusion criterion was the availability of full-text articles in English. Exclusion
criteria included reviews, case reports, and abstracts.

Results: Along with the previously described changes in the spatiotemporal parameters of gait, kinematics of the ankle joint (AJ) with HV, recently
there have been studies regarding its influence on the kinematics of the proximal segment of the knee joint, including those contributing to the
development of osteoarthritis (OA) of the knee joint (KJ). At the same time, disturbances in the kinematics of the hip joint (HJ) in HV, leading to the
development of pathomorphological changes in it, remain unexplored.

Conclusion: HV is a common disease of the musculoskeletal system, significantly worsening the quality of life of patients and often leading to disability.
While the effect of HV on foot kinematics and the joint axis has been described in some detail, its effect on the hip joint remains poorly understood.
Surgical treatment does not lead to a significant improvement in the kinematics of the lower limb and pelvis, but, on the contrary, can lead to its
negative dynamics not only in the operated, but also in the contralateral LL, which dictates the need to conduct research to identify clinically significant
kinematic parameters of gait and proximal joints of the LL for HV and optimization of existing treatment approaches.

Keywords: Hallux valgus, hip joint, ankle joint, joint biomechanics, motion capture system.

For citation: Udochkina LA, Khlebnikov YuV, Vorontsova Ol, Kapitonova M. Hallux valgus: lizhet golenostopnye sustavy i kusaet tazobedrennye? [Hallux valgus:
Licks at the ankle joints, but bites at the hip joints?] Vestnik Avitsenny [Avicenna Bulletin]. 2023;25(4):553-61. https://doi.org/10.25005/2074-0581-2023-25-4-553-
561

553



Udochkina LA et al Hallux valgus

AVICENNA BULLETIN
Vol 25 * No 4 % 2023

BBEAEHMUE

HV — camasa pacnpocTpaHéHHasa naTtonorua nepegHero otaena
cTonbl [1], WMPOKO pacnpocTpaHéHHanA B COBPEMEHHOM 0bLLECTBE,
nopaxatowas 23% HaceneHuns, UMetolwan TeHAEHLMIO NpPOorpeccu-
pOBaTb, 3HAUMTENBHO BAMATL HA NOXOAKY, BbI3blBasA €€ 3amenneHune
N HeCcTabuNbHOCTb, HEPEAKO co34aBas 60/se3HEHHble OLyLIEeHUs U
CNOMKHOCTM C nogbopom 06yBM, orpaHMuMBas CNOCOBHOCTb BbINOA-
HATb NOBCEAHEBHbIE AEMCTBUA M CYLLLECTBEHHO CHUMKAsA KaueCTBO KU3-
Hu [2, 3]. YacToTa BCTpeyaemocTv HV y XKeHWMH 1 myxkumH B CLUA
cocTaBnsaeT 58% u 25% cootBeTcTBEHHO [4]. MpKn 3TOM ecTb AaHHble
0 TOM, YTO B MOXM/IOM BO3PACTe Pa3/nymMA B YacTOTe BCTPEYAEMOCTH
HV KEeHLLMH M My}KUYMH CTAHOBATCA He AOCTOBEPHbIMM [5]. B npoasu-
HyTOM cTagum HV BbI3bIBAET MaTONOMMYECKOE M3MEHEHWe moaenv
NOXOAKM M3-3a 6onelt 1 vyBcTBa aAuckomeopTa [3], cnocoberayeT ae-
bUUUTY CTaTUYECKOTO PaBHOBECUA U MOBbILLEHHOMY PUCKY NafeHUA y
NoXKWAbIX Ntogen [6], uto aenaet HV cepb&3HOW MeLMLMHCKOW npo-
6nemolt [3, 6, 7].

HV xapakTepusyetca BafibrycHOM pgedopmaupert nepsBoro
natocHe-panaHrosoro cycrasa (NPC), otBegeHMEM NPOKCMMAbHOM
danaHr1 601bLIOrO NasbLa, NPU KOTOPOM AUCTaNbHbIN €€ KoHeL, OT-
KNOHAETCA OT CpesHel NMHWMK Tena Ha 15 v bonee rpagycos, a Takxe
BHYTPEHHeW poTaLumeit NICHEBOM KOCTM U LUMPOKOW cTynHew [8-11].

HV He ABnseTca U3onnpoBaHHoOW Npobaemoit 6obLIOro NasbLa
CTOMbI, KOTOPYH MOYKHO PeLInTb ONepaTMBHO. ITO NPOAOIKUTENbHOE
HapyLeHve GYHKLMK, BANAIOLLEE HA BCIO KMHeMaTU4eckyto Lenb HK
[12], dyHKUMOHANbHAA HECOCTOATENIbHOCTb KOTOPOI NPU AaHHOM Na-
Tonoruu Tpebyet bonee rybokoro nsyyenns [12, 13]. Bavauue HV Ha
OYHKLMIO CTOMbI AOCTATOYHO MOAPOOHO OMUCAHO M KaYeCTBEHHO, U
KONMYecTBEHHO. IMEHHO CHUMXKeHUe GyHKLMK cTonbl npu HV BbI3bl-
BaeT nameHeHne QyHKUMM apyrnx cycTaBoB HK, a Takke ymeHbLIaeT
CKOPOCTb X0Ab6bI M COOTBETCTBEHHO ABMIATENbHYIO aKTUBHOCTb, YTO
00ycnaBaMBaeT HeobXoAMMOCTb AETalbHO M3yYaTb 3TW HapyLeHWUs
4NA npoBeaeHns adPeKTUBHOM peabunutaumm [11].

B nocnegHee Bpems MOABAAIOTCA MCCNEAOBaHMA, YKasblBato-
wue, yto He Tonbko MCC n apyrune cyctasbl ctonbl, HO U KC, n TBC, B He
MEHbLUEN CTENEHWN OKa3bIBaAKOTCA NOZL HEraTUBHbIM BanaHMeM HV, Ha-
PYLAOLLEro UX KMHEMATUKY U CNOCOBCTBYIOLLErO B KOHEYHOM cYeTe
pa3suTHio octeoaptposa (OA). B gaHHom o630pe mbl pelwnam 0606-
WWTb HOBYHO MHOOPMALMIO O BANAHUM HV Ha NOXOAKY M KUHEMATUKY
cyctasoB HK, caenas ynop Ha HanmeHee U3y4YeHHble U3MEHEHUs B
TBC npv faHHOM NaToNOTMM CTOMbI, UCCNEA0BaHNA KOTOPbIX A0 HACTO-
fALLETO BPEeMeHM eanHuyHbI [10, 12].

MATEPUAN U METOAbI

Mouck uTepaTypbl OCYLLECTBAAANCL B 6a3ax AaHHbIXx Web of
Science, PubMed u Scopus ¢ Hosbpa 1973 go ceHTabps 2023 roga
no KntouesbiM cnoBam «hallux valgus», «bunion», «hip joint», «knee
joint», «ankle joint». Kputepmem BKAtOYEHUA ABAANOCL HANNYME NON-
HOTEKCTOBbIX CTaTelN Ha aHIIMIICKOM A3blKe. Kputepmem ncKktoYeHns
ABNANNCL 0630pbl, KNIMHUYECKME Cyydamn 1 abcTpakTbl. Monck nosso-
nvn Bblgenutb 104 ctatbm. Mocne UCKKYEHUA NOBTOPOB, He OTHOCA-
LUMXCA K 0603HaYEHHOM TEMATUKE CTaTEN, @ TaKKe NPUMEHEHUA KpU-
TepueB UCKNOYeHUA ocTanocb 43 paboTbl, KoTopble BblK AeTanbHO
NpoaHaNn3nNpPOBaHbI.

PE3YNbTATbI

Bauanue HV Ha noxoaKy
MccnepoBaHna nameHeHna Noxoakn npu HV oTHOCUTEeNbHO He-
MHOFOYMCNEHHBI U OCTaTOYHO NpOTUBOpPeUMBSI [6]. B page nccnespo-
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INTRODUCTION

HV is the most common pathology of the forefoot [1]; wide-
spread in modern society, affecting 23% of the population, tend-
ing to progress, significantly affect gait, causing it to slow down
and become unstable, often creating pain and difficulties with the
selection of shoes, limiting the ability to perform daily activities
and significantly reducing the quality of life [2, 3]. The incidence
of HV in women and men in the United States is 58% and 25%,
respectively [4]. At the same time, there is evidence that in old
age the differences in the incidence of HV in women and men be-
come unreliable [5]. At an advanced stage, HV causes patholog-
ical changes in gait pattern due to pain and discomfort [3], con-
tributes to static balance deficits and an increased risk of falling
in the elderly [6], making HV a serious medical problem [3, 6, 7].

HV is characterized by valgus deformity of the first metatar-
sophalangeal joint (MTPJ), abduction of the proximal phalanx of
the big toe, in which its distal end deviates from the midline of
the body by 15 degrees or more, as well as internal rotation of
the metatarsal bone and wide foot [8-11].

HV is not an isolated problem of the big toe that can be
treated surgically. This is a long-term dysfunction that affects
the entire kinematic chain of the LL [12], the functional failure of
which in this pathology requires a more in-depth study [12, 13].
The effect of HV on foot function has been described in sufficient
detail both qualitatively and quantitatively. It is the decrease in
foot function in HV that causes changes in the function of oth-
er joints of the knee joint, and also reduces walking speed and,
accordingly, motor activity, which necessitates the need to study
these disorders in detail in order to carry out effective rehabilita-
tion [11].

Recently, studies have appeared indicating that not only the
ankle joint and other joints of the foot, but also the knee joint
and hip joint, are no less under the negative influence of HV,
which disrupts their kinematics and ultimately contributes to
the development of osteoarthritis (OA). In this review, we decid-
ed to summarize new information about the effect of HV on gait
and the kinematics of the joints of the foot, focusing on the least
studied changes in the hip joint in this pathology of the foot, the
studies of which are still rare [10, 12].

METHODS

The literature search was carried out in the Web of Science,
PubMed and Scopus databases as of September 1, 2023 using
the keywords “hallux valgus”, “bunion”, “hip joint”, “knee joint”,
“ankle joint”. The inclusion criterion was the availability of full-
text articles in English. Exclusion criteria included reviews, case
reports, and abstracts. The search identified 104 articles. After
excluding duplicates that were not related to the designated top-
ics of the articles, as well as applying exclusion criteria, 43 works
remained, which were analyzed in detail.

RESULTS

Effect of HV on gait

Studies of gait changes in HV are relatively few and quite
controversial [6]. A number of studies have shown that in pa-
tients with HV, walking speed and step length decrease compared
to healthy people, and gait stability when walking on uneven sur-
faces also decreases [7, 11, 12, 14]. It is indicated that walking
speed is a critical variable that should be controlled when assess-
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BaHMM NOKa3aHo, YTo y 6onbHbIX ¢ HV cCKOpoCTb X0Ab0b1 M A/1MHA Lara
YMEHbLUIAKOTCA MO CPABHEHWUIO CO 340POBLIMM NIOABMM, CHUMKAETCA
TaKKe YCTOWYMBOCTb NMOXOAKM NPU Xozbbe No HEPOBHOM NMOBEPXHOCTU
[7,11, 12, 14]. Npw 3TOM YKa3bIBAETCA, YTO CKOPOCTb X04b0bI ABNAETCA
KPUTUYECKOW NEepeMEHHO, KOTOPYHO CleayeT KOHTPOAMPOBaTbL Mpu
OLIEHKe aganTalLmu, CBA3aHHOM Co cTapeHnem 1 passutvem HV [10].

OfHMM U3 MEeXaHU3MOB CHUMXKEHMUA CKOPOCTM MoXoaku npu HV
CYUTAETCA YKOPOUEHWNE PACCTOAHUA OT TOUKM NPU3EMAEHUA NATKM 40
TOYKM NPOEKUMM LieHTpa maccbl. MaKCMManbHbI U MUHUMANbHbIN
LieHTPbI MacCbl OKa3blBakOTCA Bblle npu HV, M pasHULLE MEXKAY MaKCK-
MaJIbHbIM M MUHMMAJ/IbHBIM LLEEHTPamMM Macc CTAHOBUTCA JOCTOBEPHO
MeHbLe npu HV, 4em B KOHTPONE, U NMPAKTUYECKM OHA COXPaHAETCA
TaKOW Ha NPOTAMKEHUM BCErO LMKAA NOXOAKM. COXpaHAoLLEeecs BbICO-
KOe NosioXKeHMe LeHTpa mMacc npu HV 03Hay4aeT, 4To noTeHLManbHas
3HEPrUA He MOKET bbiTb 3ddEKTMBHO NpeobpasoBaHa B KMHETUYE-
ckyto [11]. Onsa onTMMM3auMM NapameTpoB MOXOAKM HeobxoamMmo
CTPEMUTBCA K YMEHbLUEHWIO NokasaTens «touchdown» (paccTosHua
OT TOYKM HAYaNIbHOTO KOHTAKTA 40 TOYKM MPOEKLMM LEHTPa Macchbl).
OnncaHo CoKpaLLeHNe NPOAOKUTENBHOCTU Gasbl ONOpPbl U BPEMEHU
wara y naunenTos ¢ HV [15].

113BeCTHO, YTO BO Bpems X0Ab6bl BEIMUMHA YCUAUA OTTA/IKUBA-
Hus (push-off), momeHT cun B cyctaBax HK 1 MbieyHas paboTa, Bbi-
nonHaeman CC, KCun TBC, cucteMHO yBENIMUMBAIOTCA C YBENNYEHUEM
cKopocTU xoabbbl [16, 17], B TO Bpems, Kak npu HV, B NpOTMBONONOK-
HOCTb 3TOMY, HapsAZy C YMeHbLUEHUEM CKOPOCTU X0Ab0bl, yBenye-
HWUA MOMEHTa CWAbl NOLOLWBEHHbIX CrubaTtenei npu eé ycKopeHuu
He npoucxoauT. Kpome Toro, y 60sbHbIX ¢ HV peructpupyetcs sasoe
MeHbluee yBennyeHue pabotbl FCC npum NoBbILEHNM CKOPOCTH NOXOA-
KW, YEM Y 340POBbLIX, @ B TEPMMHANbHOW dase onopbl, Koraa 340p0-
Bble B3POC/Ible NOAM SIHEPTUYHO OTTANIKUBAKOTCA OT 3emn, anua ¢ HV
[EMOHCTPUPYIOT MeHee 3¢deKTMBHOE OTTasKMBaHue [18], KomneH-
CUpYyA 3TOT HEeAOCTATOK BosbluMM ycuavem pasrubateneit begpa B
Hauyane ¢asbl OMOpPbI MO CPABHEHMIO CO 340POBbIM KOHTpoNeMm [10].
YCTaHOBNEHO, YTO CHUMEHWEe CUAbl OTTaNKMBaHMA npu HV cBAsaHo ¢
HapyLWeHWeM pacnpeseneHnsa NoAOLIBEHHOIO AaBAEHUA B NepeaHen
4aCTM CTOMbI U CHUMKEHMEM NOABUMKHOCTM B NAtOCHEDANAHTOBbIX U FO-
NeHocTonHbIX cycTaBax [15, 19, 20].

Mpu HV cuna peakumm onopbl NOKa3biBAET 3HAYUTE/IbHOE YBE-
JINYeHNe naTepasbHOrO KOMMNOHEHTA B Kaxaom nepuoge dasbl ono-
pbl ¥ BEPTUKAZILHOTO KOMMOHEHTa — B nosaHei ¢ase onopbl [11].
BmecTe ¢ Tem, pas aBTopoB cumntaeT, 4To HV He BbI3blBaET CYLLECTBEH-
HbIX Pa3/IMYNIA MPOCTPAHCTBEHHO-BPEMEHHDBIX MAapaMeTPOB MOXOAKM
[15, 21, 22] v HapyweHMa AMHAMUYECKOrO PaBHOBECKS NpKU Xoabbe
C KOMPOPTHBIMKU CKOPOCTAMM, HECMOTPA Ha YMeHblUeHWe NPoAos-
KUTENbHOCTU (a3bl ABOMHONM ONOPbI U pAAa APYrUX U3MEHeHMA [6].
BepoATHO, 3TK NPOTUBOPEUNA MOTYT BbiTb OOBACHEHBI TeM 06CTOR-
TENbCTBOM, YTO He BCErAa B UCCNEA0BAHMAX YUUTbIBANACH CTeNeHb HY,
B TO BPEMSA, KaK pasHble MO TAXKECTW CTENEHW AaHHON NaToNOrMK MO-
ryT No-pasHOMY B/IMATb Ha OCHOBHbIE NPOCTPAHCTBEHHO-BPEMEHHbIE
napameTpbl NMOXOAKM, KOTOPbIE, MO-BUAMMOMY, MOTYT BbiTb 3aTPOHY-
Tbl Y NOXWUAbIX Ntoger ¢ HV Taxénol cteneHu, ocobeHHo npu bonee
CNOXKHbIX 33Z1a4ax X04bObl, HANPUMep, N0 HEPOBHbLIM MOBEPXHOCTAM
[2, 8]. HegocTaTKOM 6OBLUMHCTBA NPOLUTUPOBAHHBIX B LAHHOM pas-
Zene paboTt OTHOCUTENbHO BO3PACTHOW aAanTaLMm CYCTaBHbIX YCUNIA
[16, 17, 23], aBnsetca TOT GaKT, yto dYHKUMA MblwL, HK nsyyanach ¢
npeacTaBNEHMEM O CTOME, KaK O KECTKOM eé cermeHTe. B byaywimx
MCCNeA0BaHNUAX LenecoobpasHo MCMonb3oBaTb MOLENWN CTOMbI, Mo-
3BO/IAIOLLME TOYHO OMNPEAENUTb KUHEMATUUYECKME U KMHETMYECKue
n3meHeHua B nepsom MNAOC y noxunbix Atogen ¢ HV u y 3goposoro
KOHTponA [24].

BblisiB/IeHHble NPOTUBOPEUMNA MOTYT BbiThb TaKKe 0ObACHEHbI pas-
JINYHBIM TEXHUYECKMM YPOBHEM MPOBEAEHMA UccnegoBaHuin. Ove-

ing adaptations associated with aging and the development of HV
[10].

One of the mechanisms for reducing gait speed in HV is con-
sidered to be a shortening of the distance from the point of heel
strike to the point of projection of the center of mass. The max-
imum and minimum centers of mass are higher at HV; and the
difference between the maximum and minimum centers of mass
becomes significantly smaller in HV than in the control, and prac-
tically it remains this way throughout the entire gait cycle. The
continued high position of the center of mass at HV means that
potential energy cannot be efficiently converted into kinetic en-
ergy [11]. To optimize gait parameters, it is necessary to strive to
reduce the touchdown rate (the distance from the point of initial
contact to the point of projection of the center of mass). A reduc-
tion in the duration of the stance phase and step time in patients
with HV has been described [15].

It is known that during walking, the magnitude of the push-
off force (push-off), the moment of force in the joints of the LL
and the muscular work performed by the AJ, KJ and HJ systemi-
cally increase with increasing walking speed [16, 17], while in HV,
in contrast, along with a decrease in walking speed, there is no
increase in the moment of force of the plantar flexors during its
acceleration. In addition, in patients with HV, a half-smaller in-
crease in the work of the central nervous system is recorded with
increasing gait speed than in healthy people, and in the terminal
phase of support, when healthy adults push off energetically from
the ground, people with HV demonstrate a less effective push-off
[18], compensating for this lack of greater force in the hip exten-
sors at the beginning of the stance phase compared to healthy
controls [10]. It has been established that a decrease in the push-
off force in HV is associated with a violation of the distribution of
plantar pressure in the forefoot and a decrease in mobility in the
metatarsophalangeal and ankle joints [15, 19, 20].

In HV, the ground reaction force shows a significant increase
in the lateral component in each period of the stance phase and
the vertical component in the late stance phase [11]. At the same
time, a number of authors believe that HV does not cause sig-
nificant differences in spatiotemporal gait parameters [15, 21,
22] and disturbances in dynamic balance when walking at com-
fortable speeds, despite a decrease in the duration of the dou-
ble support phase and a number of other changes [6]. Probably,
these contradictions can be explained by the fact that the degree
of HV was not always taken into account in studies, while degrees
of this pathology of different severity may have different effects
on the main spatiotemporal parameters of gait, which, appar-
ently, can be affected in older adults with severe HV, especially
during more complex walking tasks such as on uneven surfaces
[2, 8]. The disadvantage of most of the works cited in this sec-
tion regarding age-related adaptation of joint forces [16, 17, 23] is
the fact that the function of the LL muscles was studied with the
idea of the foot as its rigid segment. Future studies would benefit
from using foot models that can accurately determine kinematic
and kinetic changes in the first MTPJ in older adults with HV and
healthy controls [24].

The identified contradictions can also be explained by the
different technical level of research. It is obvious that work in
recent years has been carried out using more advanced motion
capture equipment, which makes it possible to assess subtle
changes in gait that until recently could not be recorded. Note-
worthy is the very limited number of observations in most works
on the topic under consideration, which also cannot but influence
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BWUAHO, 4TO PabOoTbl NOCAEAHUX NET BbINOHEHbI Ha Bonee coBepLLeH-
HOM 060pYA0BaHUM MO 3aXBaTy ABUMKEHWI, NO3BONAIOLEM OLEHUTD
TOHKME U3MEHEHMA NOXOAKM, A0 HeAaBHEro BPEMEHU He JOCTyMHble
peructpauumn. ObpalLaet Ha cebs BHUMaHWe Y BeCbMa OrpaHUYeHHoe
yucno HabnoaeHuit B 6onbWMHCTBE PaboT No paccmaTpuBaemoit Te-
MaTUKe, YTO TaK¥Ke HE MOXKET He BIMATb Ha 3HAYMTE/bHbIN pasbpoc
Noy4aemMblx B NPOBOAMMBIX MCCNEA0BAHMAX AaHHbIX [25, 26].

BanaHue HV Ha dyHKUMIO cTONbl U KNHEMaTUKy TCC

Bananune HV Ha GyHKLMIO CTONbI OXapaKTepM30BaHO KayeCTBeH-
HO M KOMYECTBEHHO, ONMUCaHbl NaTOMeXaHWYeckue mogenu, B 6onb-
WelN CTeneHW OCHOBaHHbIE Ha pe3y/nbTaTax M3MepeHWi faBneHus
nogowsbl. OfHAKO KMHEMATUYECKME NaTTePHbl MHOMUX CErMEHTOB
CTOMbI BO Bpems xozbbbl npu HV Hy:KAal0TCA B KOMYECTBEHHDBIX YTOY-
HEHUAX.

Pap, aBTOpoB coobliaeT o HebnaronpuaTHOM BAMAHUM HV Ha
NOABMKHOCTb U GYHKLMIO CTOMbI, B YAaCTHOCTU B NNaHe obecneyeHus
NOCTYNaTeNbHOTO ABUMKeHUA, 0cOBeHHO B MO3AHIO $asy onopsl,
Korga gsukeHune B nepsom MPC BaXKHO ANA NPOABUMMKEHUA BNepés,
u nepeHoca Beca Tena [10, 15]. Mpu 3TOM, OAHMU aBTOPbI OTMEYAIOT,
yto aedopmauma 1-i naocHeBoW Koctv npu HV BAMAET Ha KMHema-
TWUKY BO/IbLIOTO ManbLa B CaruTTasbHOM MAOCKOCTH, B TO BPEMSA, KaK
BAuaHWe HV Ha apyrue cermeHTbl CTOMbl OKa3aNoch OrpaHUYEHHbIM,
M natomexaHuuyeckne nocnepcteua HV ocTaloTca orpaHMYeHHbIMU
BecoHecyLeln ¢yHKumen 1-i natocHeBow KocTu [15]. Apyrue uccne-
[loBaTeNu oTMeYatoT BansHKe HV Ha gpyrue cermeHTbl ctonbl [11-13].

YCTaHOBNEHO, YTO ANA HOPMasbHOM Xoabbbl Tpebyertca yron
TbinbHOMO crubanus B FCC okono 10°, a NOAOLWBEHHOrO CrMbaHna —
okono 20° [27]. Mpu HV yron TblAbHOro crubaHns AOCTOBEPHO YMEHb-
waetca v ctaHosutcA <10. CneposaTenibHO, AN1A YBEIMYEHUA CKOPOCTU
1 3GPEKTUBHOCTU NOXOAKM, a TaKKe KoHTpons HV n npesoTBpaLleHus
€ro NPOrpeccUpoBaHNA HEOHXOAMMO CTPEMUTLCA K YBENUYEHUIO Ana-
na3oHa TblbHOro crmbanua 8 MCC [11].

HV 3ameTHO meHseT KuHemaTuky FCC B uyKAe xoab0bl Mo cpas-
HEHMIO C BO3PACTHbIM KOHTponem. TaKk y 6onbHbix HV Habntoganca
MeHbLUINI 06BEM AuxKeHnii FCC B carMTTanbHOM NNOCKOCTU Ha 06emnx
HOrax, fl0CTOBEPHO MEHbLUMI MaKCUMYM NOAOLLBEHHOO CrbaHus BO
BPEMA OTPbIBa HOCKa (toe-off). 3Ta pasHuua bbina Gonee BbipaxkeHa B
KoHeyHocTH ¢ edopmaumeit HV. Takke npu HV umen mecto bonbLunii
MaKCMMYM TbIJIbHOTO CrbaHuA B KoHUe dasbl nepeHoca [12]. B apy-
rom UCCNefoBaHUM OTMeYaeTcs, YTo npu HV, Hapaay co cHUKeHuem
MaKCMMyMa TblJIbHOTO crubanus B Gasy cepeauHbl Onopbl, UMeeT Me-
CTO yBeNMYeHe MaKCUMyMa NOAOLIBEHHOIO CrMbaHWA NPU peakLum
Ha HarpysKy, KOTopoe, HanpoTKB, yMeHbLUaeTcA B ¢pasy npenepeHoca
NO CPAaBHEHMIO C BO3PACTHbIM KOHTPO/IEM, YTO TaKKe CONPOBOXKAAET-
¢ 60ONIbLUIMM MaKCMMYMOM pa3rMbaHua B KOJIEHHOM CYCTaBe B KOH-
ue dasbl nepeHoca. Bo ¢poHTanbHOM naockoct npu HV 3Haunmo
MeHbLLUEe MaKCUMyM OTBeAeHUA Bespa B LyKAe NOXOAKMW. [uanasoH
HaK/I0Ha M POTaLLMM Ta3a TaKKe 3HaYMmo MeHbLue npu HV [13]. Takum
obpasom, onucbizas BamaHne HV Ha ctony u ICC, aBTopbl OTMeYatoT,
4To HV He ABNAETCA UCKNOUYUTENBHO NAaTONOMMEN CTOMbI, TaK KaK Hera-
TUBHO B/INAET HAa HUMKHIOIO KOHEYHOCTb B LIe/IOM, Bbi3biBas neperpys-
Ky €€ CerMmeHToB.

N3meHeHUA noxoaKuM u o¢yHKuum cronbl npu HVY,

onocpefoBaHHble BO3PaCTHbIMU U3MEHEHUAMMU

Bo3pacTHble M3MEHEHWs1 MOXOAKWU CBA3aHbl, B YaCTHOCTU, CO
CHVKEHWEM CWJIbl MOZOLIBEHHbIX CrubaTeseit cTonbl, KOTOPOe Bbi-
HYYKOAET NOXMAbIX NtoAen npu xoabbe ykopaumsaTb waru, 6onblue
33/1e1MCTBOBATb NPOKCHMAbHbIE MbIWLbI (pasrnbanu beapa) v Kom-
NeHCMpoBaTb AePUUMT CUAbI OTTA/IKUBAHUA TaK Ha3blBaeMbIM AMC-
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the significant scatter of data obtained in the studies conducted
[25, 26].

The influence of HV on foot function and kinematics

of the joint system

The effect of HV on foot function has been characterized
qualitatively and quantitatively, and pathomechanical models
have been described, mainly based on plantar pressure measure-
ments. However, the kinematic patterns of many foot segments
during walking in HV require quantitative clarification.

A number of authors have reported the adverse effects of
HV on foot mobility and function, particularly in terms of promot-
ing forward movement, especially in the late stance phase when
movement in the first MTPJ is important for forward propulsion
and body weight transfer [10, 15].

At the same time, some authors note that the deformation of
the 1st metatarsal bone in HV affects the kinematics of the big toe
in the sagittal plane, while the influence of HV on other segments
of the foot turned out to be limited, and the pathomechanical con-
sequences of HV remain limited to the weight-bearing function of
the 1st metatarsal bone [15]. Other researchers have noted the ef-
fect of HV on other segments of the foot [11-13].

It has been established that normal walking requires an an-
gle of dorsiflexion in the AJ of about 10°, and a plantar flexion an-
gle of about 20° [27]. With HV, the dorsiflexion angle significantly
decreases and becomes <10. Therefore, to increase gait speed
and efficiency, as well as control HV and prevent its progression,
it is necessary to strive to increase the range of dorsiflexion in the
AJ[11].

HV noticeably changes the kinematics of the AJ during the
gait cycle compared to age-related controls. Thus, in patients with
HV, there was a smaller range of movements of the AJ in the sag-
ittal plane on both legs, and a significantly lower maximum plan-
tar flexion during toe-off. This difference was more pronounced in
the limb with HV deformity. Also in HV there was a greater maxi-
mum of dorsiflexion at the end of the swing phase [12]. Another
study notes that in HV, along with a decrease in the maximum of
dorsiflexion in the mid-stance phase, there is an increase in the
maximum of plantar flexion in response to load, which, on the
contrary, decreases in the pre-swing phase compared to age-re-
lated controls, which is also accompanied by a greater maximum
of extension in the KJ at the end of the transfer phase. In the fron-
tal plane, with HV, the maximum hip abduction in the gait cycle
is significantly less. The range of pelvic tilt and rotation is also
significantly less in HV [13]. Thus, describing the effect of HV on
the foot and the joint system, the authors note that HV is not ex-
clusively a pathology of the foot, as it negatively affects the lower
limb as a whole, causing overload of its segments.

Age-mediated changes in gait and foot function in HV

Age-related changes in gait are associated, in particular,
with a decrease in the strength of the plantar flexors of the foot,
which forces older people to shorten their steps when walking,
use more proximal muscles (hip extensions) and compensate for
the lack of push-off force with the so-called distal-proximal redis-
tribution of joint forces, which compensatoryly increase in the
proximal direction [16, 17, 28]. Studies of gait mechanics in aging
and people with HV have identified a common deficit associated
with decreased push-off force during walking [10]. However, it re-
mains to be determined whether the effects of aging and HV are
additive.
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TaNbHO-MPOKCUMA/IbHBIM NepepacnpeseseHHUEM CYCTaBHbIX YCUIUNA,
KOTOpPble KOMMEHCATOPHO YBEIMYMUBAKOTCA B MPOKCMMAIbHOM Hanpas-
neHun [16, 17, 28)]. UccnepoBaHna MexaHMKM Xo4b0Obl NPU CTapeHn 1
y noaedi ¢ HV BbiaBuan 0bwmii aeduumT, CBA3aHHbIN CO CHUMKEHUEM
CWAbl OTTaNKMBAHWSA BO Bpems xoabbbl [10]. Tem He meHee, el npea-
CTOUT ONpeaenuTb, ABNATCA M 3ddeKTbl cTapeHna n HV cymmupy-
foLmmuncs.

Bo MHorMx pabotax WAET NpPOTMBONOCTaBAEHME MOOLOrO
BO3PacTa NOXWIOMY, CPE€AHMIN BO3PACT NPOMNYCKAEeTCs, U 3TO He No-
3BO/IAIET YCTAHOBUTbL MYOUHY B3aMMOBAMAHMA TakMX $AKTOPOB, KaK
cTapeHue u nossnenHue HV, a TakKe NOHATb, UMEET /I MECTO UX CyM-
MUpyloWwmii 3pdeKT Ha passuTue natonorumn HK [29, 30]; paboTtbl, ox-
BaTblBatOLLME CPEAHMNIA 1 NOXKMUION BO3PACT EAMHWUYHBI U OTIMYAIOTCA
Ma/lbIM KONnyectBom 06bEKTOB MUccnenoBaHuaA [25].

BnanaHune HV Ha KNHeMaTUKy NPOKCMManbHbIX cyctaBoB HK

Pspgom uccneposanmii [12, 31-34] 66110 NOKas3aHoO, YTO KOHOY-
rypauya cTonbl BAUAET He TONbKO HA NPOCTPAHCTBEHHO-BPEMEHHbIE
napameTpbl U KMHeMaTuKy ctonbl 1 FCC npu xoabbe, HO U Ha KuHe-
maTuKy KC, TBC 1 Ta3a No CpaBHEHMIO CO 30POBbIM KOHTpoem [12].
YMeHbLLEHHbIN UHAEKC BbICOTbI CBOAA CTOMbI CBA3AH C YCUEHUEM pe-
TpaKuum Tasa u ycuneHvem BanbrycHol gedopmaumm KC B cepesmHe
¢a3bl onopbi [33]. CywecTayeT 3HaUMMan OTpULaTeIbHAA KOpPenaLma
MeXay poTalmeit ctonbl v bespa/Tasa B nonepeyHoi naockoctv [31].

M3mepeHune obbéma asukennit B TBC, KC, ICC Takke 0bHapy-
KUNO M3MEHEHWe WX Anana3oHa y naumeHTos ¢ HV no cpaBHeHuto co
3/10POBbIMM NIOABMM M3 KOHTPONbHOW rpynnbl [35], 4To No3Bonnno
aBTOPaMm CAenaTh BbIBOA O HEOOXOAVMMOCTY NMOJHOW KMHEMATUYECKOM
OLLEHKM BCEM HUMHEN KOHEYHOCTU A1 MOHMMAHUA NPOUCXOAALLMUX
npu HV nsmeHeHuii. Mo MHeHUto aBTOpPOB [34], cpeay KpynHbIX Cy-
crasoB HK, HV 6onble Bcero HapywaeT 6uomexaHuky KC. Tak mak-
CMManbHoe pasrnbaHue KoneHa bbino BunatepanbHo MeHblue B pase
nepeHoca y naumeHtos ¢ HV [12].

M3meHeHus, Bbi3BaHHble HV B pasanyHbix otgenax HK, B Tom
uuncne, cnocobcTeytoT passuTHio B HMX OA, B yacTHocTv B KC [36-38].
Accoupaumio HV ¢ OA KC u TBC oTmedanu u apyrve asTopbl [39].

B yacTHOCTH, M36bITOYHAA npoHaumsa 1-ro NPC npu HV nsmes-
€T HaK/IOH Ta3a, YTO MPUBOAWT K NoABAeHUIO Boneit B nosicHuue. Npu
TAXenom HV uameHeHve oTBOAALLErO MOMEHTa KoneHa, Tpebyemo-
ro AN1A CHUXKEHUA HArpy3kM Ha Bo/1bLIOI naneL, cTonbl, cnocobcTeyeT
passuTuio OA KC [37]. MogobHbIx paboT, NOATBEPHKAAOLMX BAUAHME
HV Ha pa3suTie OA TBC HeT, Npu TOM, YTO Hemano paboT, KoTopble
MOKa3blBalOT 3HAUNTENbHOE U3MEHEHWE KMHEMATUKM UmeHHo TBC
npw HV, KOTopoe HECOMHEHHO MOeT ABAATLCA GAKTOPOM, NPOBOLY-
pytowmm passutue OA.

Bmecte c Tem, npm usydeHumn yra TEC He 6bi0 06HapyKeHo ero
nsmeHeHuit npu HV HK1 B ofHY a3y LyKna NOXOAKM; NULLb yBEUYe-
HWe HaKIoHa TYNOBULLA MMENO MEeCTO BO BCe Nepuosbl $hasbl onopbl,
a TaKKe yMeHblUeHWe TbiabHOro crnbanusa B ICC [11].

Bananue HV Ha TBC u3y4eHO B UCCNeS0BaHWMM X0n4bObl 60/b-
HbIX C AaHHOM MaTONOrMEN C Pa3HOM CKOPOCTbI. Y 60/bHbIX ¢ HV
MpuW YCKOPEHUM X0AbObI YBENNYEHUE AAMHDBI Wara OblI0 JOCTUTHYTO
3a CYET yBeNnYeHUA amnauntyabl AsmxeHna TEC, MOMeHTOB cun ero
pasrubateneit u cBA3aHHOM ¢ HUM paboToli 6e3 yBesndyeHns obbEMa
ABuxKeHui ICC M MoMeHTa CUA NOAOLWBEHHbIX crbaTteneit. 3To 03-
HayaeT, YTo NOXKWAble XKeHWMHbI ¢ HV No cpaBHEHMIO C NOXKWUAbIMU
KeHWwmnHamu 6e3 HV aemoHcTpupytoT 6onbliuee AUCTaNbHO-NPOKCH-
MasnbHOe nepepacnpesencHue 3a CYET yBeMYeHUa AnanasoHa ABu-
®enua TBC [10]. 3Tv HabnoaeHUA NO3BONAKOT NPEANONOKMUTb, YTO
MOXWUbIE KeHLMHbI ¢ HV eMOHCTPMpYOT 60MbLLYIO 3aBUCMMOCTb OT
NPOKCUMANbHbIX YCUAKI MO CPABHEHUIO CO 3L0POBLIMM.

In many works, young age is contrasted with old age, middle
age is omitted, and this does not allow us to establish the depth
of mutual influence of factors such as aging and the appearance
of HV, as well as to understand whether they have a cumulative
effect on the development of LL pathology [29, 30]; works cover-
ing middle and old age are rare and are characterized by a small
number of research objects [25].

Effect of HV on the kinematics of proximal LL joints

A number of studies [12, 31-34] have shown that the con-
figuration of the foot affects not only the spatiotemporal pa-
rameters and kinematics of the foot and AJ during walking, but
also the kinematics of the KJ, HJ and pelvis compared to healthy
controls [12]. A reduced arch height index is associated with in-
creased pelvic retraction and increased valgus deformity of the KJ
joint in the mid-stance phase [33]. There is a significant negative
correlation between foot and hip/pelvic rotation in the transverse
plane [31].

Measuring the range of motion in the hip joint, knee joint,
and joint joint also revealed a change in their range in patients
with HV compared with healthy people from the control group
[35], which allowed the authors to conclude that a complete ki-
nematic assessment of the entire lower limb is necessary to un-
derstand what is happening with HV changes. According to the
authors [34], among the large joints of the knee joint, the HV
most disrupts the biomechanics of the joint. Thus, the maximum
knee extension was bilaterally lower in the swing phase in pa-
tients with HV [12].

At the same time, changes that occur with HV not only in
the foot, but also in other parts of the LL, are not corrected even
after successful surgical treatment of HV. In particular, asymmetry
of movements of the hip and pelvis in the frontal plane was dis-
covered, which occurred before the HV operation and persisted
after it [12].

Changes caused by HV in various parts of the LL also con-
tribute to the development of OA in them, in particular in the KJ
[36-38]. The association of HV with OA of the KJ and HJ was also
noted by other authors [39].

In particular, excessive pronation of the 1st MTPJ in HV
changes the pelvic tilt, which leads to low back pain. In severe
HV, changes in the knee abduction torque required to reduce the
load on the big toe contribute to the development of knee OA
[37]. There are no similar studies confirming the influence of HV
on the development of OA of the HJ, although there are many
studies that show a significant change in the kinematics of the
HJ during HV, which can undoubtedly be a factor provoking the
development of OA.

At the same time, when studying the HJ angle, no changes
were found during HV in any phase of the gait cycle; only an in-
crease in trunk inclination occurred during all periods of the sup-
port phase, as well as a decrease in dorsiflexion in the AJ [11].

The effect of HV on the HJ was shown in a study of walking of
patients with this pathology at different speeds. In patients with
HV, when walking faster, an increase in step length was achieved
by increasing the amplitude of movement of the HJ, the moments
of force of its extensors and the work associated with it without
increasing the range of movements of the HJ or the moment of
force of the plantar flexors. This means that older women with
HV, compared to older women without HV, demonstrate great-
er distal-proximal redistribution due to an increase in the range
of motion of the HJ [10]. These observations suggest that older
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Y 6onbHbIX ¢ HV Ha TOM CTOPOHE MoparKeHWs MaKCMMAasbHbIN
NoZbEM Tasa bbln MeHbLUe B Hayase $asbl Onopbl, @ MaKCUMyM Ony-
CKaHuA Ta3a bbln Honblue Bo Bpema ¢asbl NpenepeHoca No cpaBHe-
HUIO C KOHTPAATEPaIbHOW KOHeYHOCTbo 6e3 HV. Y 6onbHbIx ¢ HV Ha
3/10pOBOI CTOPOHE MMENI0 MECTO AOCTOBEPHO bosbluee npuseseHUe
6enpa 1 NogbEM Tasa B Havane asbl OMopbl U MeHbLUee OTBeeHNE
6enpa, v onyckaHWe Ta3a B KOHLLe $a3bl ONOpPbI NO CPABHEHMIO CO 340-
POBbIM KOHTpO/IEM. Takum 06pasom, y 6osbHbIx HV Ha HemopakeH-
HOW CTOPOHE NPOMUCXOAAT KOMMEHCALMOHHbIE U3MEHEHUSs, KOTOpble
3aCNYKMBAIOT JaNbHeNLWero nayyeHus [12].

Takum obpasom, NpuBeaEHHbIE UCCNEA0BAHUA NMOKA3aau, YTo
TBC oKa3blBaeTcA NOJ, He MEeHbLIMM HeraTuBHbIM BAUAHUEM HV, yem
I'CC, npu aTom TBEC OKa3blBaeTCA HaMMEHee U3y4eHHOM MULeHbo HV
cpeam NpPoKcMManbHbIx cyctasos HK.

Mpv aHaNM3e KMHEMATUKM HUXKHEN KoHeYHOCTU npu HV, BaxHO
MOHATb, KaKMe U3 paccMaTpyMBaeMblX MapaMeTpoB MOXOLKM UMetoT
KNMHUYeCKoe 3HaveHume.

KnuHuuyeckne acnektbl BanaHua HV Ha pasnudHblie

cermeHTbl HK 1 Ta3oBoro nosca

Xota cywecteyeT 6onee 200 METOAOB XMPYPrUYECKOTO IeYEHMS
HV, [0 c1x, HecMOTpA Ha COBPaHHYIO CONMMAHYIO fOKa3aTe/bHyto 6a3y,
Cpeay XMpYproB HET KOHCEHCyca B OTHOLIEHWM Bblbopa Haubonee
aAeKBaTHOro ero Metoaa [1]. U xoTa xupypruyeckoe BMeLwaTeNbCTBO
ABNAETCA BaXKHENLLEeN YacTblo nedeHmnn 6o/bHbIx HV, oaHako paboTtbl
MO M3y4EeHMIO MPOCTPAHCTBEHHO-BPEMEHHbIX MAPaMETPOB M KMHEMa-
™KK HK 1 Tasa npu xoabbe nocne xupypruyeckoro neyeHuns HV ma-
NouncaeHHbl [12, 25, 40], 1 B HUX OLIEHKa M3MEHeHUA NOXOAKM noce
onepawLuy OrpaHNYMBAETCA U3MEPEHNEM eAMHWNYHBIX MAaPaMeTPOB, B
TO BPEMA KaK KOMM/IEKCHas OLeHKa oTcyTcTeyeT [41, 42].

[axe nocne ycnewHoro xupypruyeckoro nedenua HV, gpyrue
YacTW HUMKHEN KOHEYHOCTM M TAa30BOrO NOACA, OKasaBLUMecs nog,
HeraTMBHbIM BAMAHWEM AAHHOM MATONOMMK, OCTAOTCA CMELLEHHbI-
MU, CNabbiMK, ¢ orpaHnyeHnem apuskenuid [11, 12]. Kak nokasanu
HeKoTopble aBTOPbI, XMpyprudeckoe neyeHne HV He oKasbliBaeT 3a-
METHOTO B/AIMAHMA Ha U3MEHEHHYIO MATONIOTMEN CTOMbl KUHEMATUKY
HUMKHMX KOHEYHOCTeM M Tasa [12, 25]. bonee TOro, OHO NMPUBOAMT K
elwé bonee [OCTOBEPHOMY CHUMKEHMIO CKOPOCTU X0Ab0bI U yBenuye-
HUIO0 BPEMEHM LIAra, a TaKKe eLLé 60NbLIEMY CHUKEHNIO MaKCUMa/lb-
HOro NOAOLWBEHHOTO crbaHus B $asy oTpbiBa HOCKA. Onepauusa He
M3MEHSAET KUHEMATMKY beapa M Tasa, COXPaHAETCa U MMEBLUAsACA 40
XMPYPrUYECKOTO NIeYEHNA aCMMMETPUA ABUKeHUI beapa M Tasa BO
bpoHTaNbHOM NOCKOCTU. ONpeaenseTca MeHbLUNIA MaKCUMYM OTBe-
ZeHua beapa ¢ NogbEMOM Tasa B Hadvane $pasbl Onopbl M 6oNbLINKA
MaKCMMyM npuBeaeHus begpa c onyckaHMem Tasa B KoHuUe ¢dasbl
Onopbl Ha ONEPUPOBAHHOM HOTe NO CPABHEHMIO C HEOMEPUPOBAHHOW
KOHeYHOCTbto. Ha HeonepupoBaHHOM Hore HabtoaakoTCA CXOAHbIE C
OMNEePUPOBAHHOM KOHEYHOCTbIO M3MEHEHMA NPOCTPAHCTBEHHO-BpE-
MEHHbIX Nokaszatenei. Onepauus AOCTOBEPHO CHUMKAET KafeHLMIo
M CKOPOCTb X0AbbbI. [/IMHA Wwara HeoNepMPOBaHHOM HOTU CTaHOBUT-
CAl KOpoYe, a BPeMs Liara YAAMHAETCA, YTO NPUBOAUT K YBENMYEHMIO
NPOAOMNKUTENBHOCTU Pa3 OAUHOYHOM M ABOMHOM onopbl. Mpu 3ToM
[LOCTOBEPHbIX U3MEHEHWI KUHEMATUKM Beapa 1 Ta3a Ha Heonepupo-
BaHHOW CTOPOHe nocne onepauuu HY He Habntopaetcs [12].

KaK noaTteBep:KaaeT Apyroe nccnegoBaHue, HECMOTPA Ha 3HaYM-
MOE yNyyLleHne KOHOUrypaLmm CTonbl M yMeHbLieHWe 60NeBoro CUH-
[ POMa Noc/e XMPYPruyeckoro neyeHuns HV, 40CTOBEPHbIX U3MEHEHMM
KMHEMATUKK Xo4bbbl OHO He Bbi3biBaeT [25].

Takvm 06pa3om, No AaHHLIM pPAAa UCCAeL0BaHUIA, onepauus
no nosogy HV He3HaunTenbHO BAUAET Ha KnHemaTuKy HK, a oTmeuen-
Hble HebOo/bLLIME U3MEHEHUA HE CBUAETENLCTBYHOT O MOJIOKUTENbHOW
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women with HV exhibit greater dependence on proximal forces
compared with healthy controls.

In patients with HV on that side of the lesion, the maximum
pelvic elevation was less at the beginning of the stance phase,
and the maximum pelvic descent was greater during the pre-
swing phase compared with the contralateral limb without HV.
Moreover, on the control side not affected by HV, there were also
changes compared to healthy age controls. In patients with HV
on the healthy side, there was significantly greater hip adduction
and pelvic elevation at the beginning of the support phase and
less hip abduction and pelvic descent at the end of the support
phase compared to healthy controls. Thus, in patients with HV,
compensatory changes occur on the unaffected side, which de-
serve further study [12].

Thus, the above studies have shown that the HJ is no less
negatively affected by HV than the AJ, while the HJ turns out to
be the least studied target of HV among the proximal joints of
the LL.

When analyzing LL kinematics in HV, it is important to un-
derstand which of the gait parameters considered are clinically
relevant.

Clinical aspects of the influence of HV on various

segments of the LL and pelvic girdle

Although there are more than 200 methods of surgical
treatment of HV, so far, despite the collected solid evidence base,
there is no consensus among surgeons regarding the choice of
the most adequate method [1]. And although surgical interven-
tion is the most important part of the treatment of patients with
HV, there are few works on the study of spatio-temporal parame-
ters and kinematics of the LL and pelvis during walking after sur-
gical treatment of HV [12, 25, 40], and in them the assessment
of changes in gait after surgery is limited to single measurements
parameters, while a comprehensive assessment is missing [41,
42].

Even after successful surgical treatment of HV, other parts
of the LL and pelvic girdle, which were negatively affected by this
pathology, remain displaced, weak, and with limited movements
[11, 12]. As some authors have shown, surgical treatment of HV
does not have a noticeable effect on the kinematics of the lower
extremities and pelvis altered by foot pathology [12, 25]. More-
over, it leads to a significantly greater decrease in walking speed
and an increase in step time, as well as an even greater decrease
in maximum plantar flexion during the toe-off phase. The oper-
ation does not change the kinematics of the hip and pelvis, and
the asymmetry of movements of the hip and pelvis in the fron-
tal plane that existed before surgical treatment is preserved. A
smaller maximum of hip abduction with pelvic elevation at the
beginning of the support phase and a greater maximum of hip
adduction with pelvic descent at the end of the support phase
are determined on the operated leg compared to the non-oper-
ated limb. On the non-operated leg, changes in spatio-temporal
parameters similar to those on the operated leg are observed.
The operation significantly reduces cadence and walking speed.
The stride length of the non-operated leg becomes shorter and
takes longer, resulting in longer single and double lift phases. At
the same time, no significant changes in the kinematics of the hip
and pelvis on the non-operated side were observed after HV sur-
gery [12].

The lack of significant changes in gait kinematics after surgi-
cal treatment is confirmed by another study, despite a significant
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AVMHaMKKe NPOCTPAHCTBEHHO-BPEMEHHbIX NapameTpoB Xoabbbl 1 Ku-
HemaTuku ICC npm xopabbe.

MapagoKcanbHo, YTO OTPULLATENbHAA NOCAEONEePaLMOHHAn -
HaMMWKa NPOCTPaHCTBEHHO-BPEMEHHbIX NOKa3aTesnein Ha Heonepupo-
BaHHOW Hore nocne onepaumun HV 6bina 6onee BbIpasKeHHOW, Yem Ha
onepupoBaHHON. ITo HabatogeHWe bbino 06bACHEHO ewwé 6onbLueit
KOMMEHCcaLMeln CHUXKEHMA GYHKLMU ONeprupoBaHHOM HOTW NPU XOAb-
6e co CTOPOHbI 340POBOM KOHEYHOCTM, YTO MOXKET ObITb CBA3aHO, B
TOM 4KUCne, C nocaeonepaumHHo 601bl0 B HOre, NOABEPMKEHHOM
Xvpypruyeckomy BmeLuatenbctsy [12]. B ¢BA3m ¢ 3TUm, Heobxoaumo
NpoBOAUTL MEPONPUATUA MO NPEAOTBPALLEHUIO NMPOrpeccupoBaHms
HV, a cnepgoBsatenbHo v pas3sutuA natonorumn apyrmx cermeHtos HK,
0c06eHHO B rpynnax pucka (y NOMMAbIX XEHLUMH): opToneanyeckoe
NeyeHne, CUN0Bble TPEHMPOBKM, HanpaBNeHHbIE Ha YKPenaeHue Crv-
6aTeneii NofoLWBbI, a Takxke pasrnbateneit KC u TEC. 31 meponpus-
A MOryT 3aWmTMTL TEC OT HeraTMBHOro Bo3aencTauna HV, moaynunpy-
towero ero dpyHKumto [23].

Hapsagy ¢ xupypruyeckumm metogamu nedenuns HV, Bcé 6onb-
Woe 3HayeHWe NpPUOBPETAIOT KOHCEPBATUBHbIE BMELLATE/NbCTBA,
HanpaB/eHHble Ha HOpPManW3aLuio BUOMEXaHUKM CTOMbI BO BPEMS
X0Ab0bl, TaKME KaK 0pTe3bl, U3MeHALLME ABUKEHNA B 3aHEM OTae-
Nle cTonbl U cnocobcTBytoLLMe AENCTBEHHOW Harpyske Ha eé nepeg-
HW1 oTAen v 3pdEKTUBHOMY OTPbIBY NasbLEB B LiMKAE Xoab6bl [8, 26].
OpTe3sbl TBEPAOro TMNA YMEHBLLAIOT MOABUMKHOCTb Ta3a U NpeaoTapa-
LLAIOT M36bITOYHOCTb Ta30BbIX ABUMKEHWMI N0 Bpems xoabbbl [43]. Me-
penporpammmMpoBaHve NaTTepHOB aKTUBALMM MbILLLL, AUHAMUYECKU
NOAAEPHKUBAIOLLMX MeNaNbHbIV NPOLO/bHbINA CBOA, CTOMbI, MOMKET
OKa3blBaTb XOpoOLUee KoppeKTupylollee Bo3aeincTBMe. PacTaxeHue
MKPOHOXXHO-KaMbanoBUAHOMO KOMMAEKca M MaHyanbHas Tepanws,
HanpaBneHHas Ha yny4weHue nogsuxkHoct FCC, moryT cnocobcTBo-
BaTb YCMIEHUIO €r0 TbIIbHOTO Cr1baHWA B KOHeuHol dase onopbi.
OfHaKo HeobXoANUMbI CEPbE3HbIE KNMHUYECKMUE UCTIBITAaHWA AN1A U3Y-
YEHMA BAIMAHUA TaKUX KOHCEPBATMBHbIX BMELLATE/IbCTB HA MapameTpbl
MOXoAKW y naupenTos ¢ HV [8, 26].

3AKNIOYEHUE

HV saBnsaeTca pacnpocTpaHéHHbIM 33601eBaHNEM CKENETHO-Mbl-
LIEYHOW CUCTEMDbI, 3HAUMTENBHO YXYALLAIOLLMM KaYeCcTBO KMU3HM NaLy-
€HTOB W, HePEeLKO, NPUBOAALLMM K MHBaNMAM3aUMK. B To Bpems, Kak
BavAHUe HV Ha KuHemaTuky ctonbl 1 MCC onmMcaHo JOCTaTOYHO NoA-
pobHo, ero BanaHWe Ha TBC ocTaétca manousyyeHHbIM. Xupypruye-
CKOE NleYeHre He NPUBOAMT K YAYULLIEHWUIO NOKA3aTeNEN KUHEMATUKM
HUXKHEN KOHEYHOM M Ta3a, a HaNpPOTMB, NOKa3blBAET OTPULATENbHYIO
eé AMHAMMKY He TO/IbKO B OMepPUPOBAHHONM, HO U KOHTPAATepanbHOM
HUXKHEN KOHEYHOCTM, UYTO AMKTYET HeobXoaumocTb B NpPOBeAEHUU
npu HV nccnefoBaHMii NO BbIABAEHWUIO KIMHUYECKM 3HAYUMBIX KMHE-
MaTUYeCKUX NapameTpoB M ONTUMM3ALLMK CYLLLECTBYHOLMX NOAXOL0B
K NeYeHumto.

improvement in the configuration of the foot and a decrease in
pain [25].

Thus, surgery for HV does not significantly affect the kine-
matics of the LL, and the small changes noted do not indicate a
positive dynamics of spatiotemporal gait parameters and kine-
matics of the AJ when walking.

It is paradoxical that the negative postoperative dynamics
of spatiotemporal indicators on the non-operated leg after HV
surgery was more pronounced than on the non-operated leg.
The non-operated leg probably further compensated for the de-
creased function of the operated leg when walking, which may
be due to post-operative pain in the surgical limb or the forma-
tion of a new movement pattern that is used by the patient after
surgery [12]. In this regard, it is necessary to take measures to
prevent the progression of HV, and therefore the development of
pathology of other segments of the LL, especially in risk groups
(elderly women): orthopedic treatment, strength training aimed
at strengthening the plantar flexors, as well as the knee and hip
extensors. These measures can protect the HJ from the negative
effects of HV, which modulate its function [23].

Along with surgical methods for the treatment of HV, con-
servative interventions aimed at normalizing the biomechanics
of the foot during walking, such as orthoses that change move-
ments in the hindfoot and promote effective load on the forefoot
and effective toe-off during the gait cycle, are becoming increas-
ingly important [8, 26]. Solid orthoses reduce pelvic mobility and
prevent excessive pelvic movements during walking [43]. Repro-
gramming the activation patterns of the muscles that dynami-
cally support the medial longitudinal arch of the foot can have a
beneficial corrective effect. Stretching the gastrocnemius-soleus
complex and manual therapy aimed at improving ankle mobili-
ty may help increase ankle dorsiflexion in the final stance phase.
However, robust clinical trials are needed to examine the effects
of such conservative interventions on gait parameters in patients
with HV [8, 26].

CONCLUSION

HV is a common disease of the musculoskeletal system,
significantly worsening the quality of life of patients and often
leading to disability. While the effect of HV on foot kinematics
and the joint axis has been described in some detail, its effect on
the HJ remains poorly understood. Surgical treatment does not
lead to an improvement in the kinematics of the lower extremity
and pelvis, but, on the contrary, shows its negative dynamics not
only in the operated but also in the contralateral lower extremity,
which dictates the need for studies in HV to identify clinically sig-
nificant kinematic parameters and optimize existing approaches
to treatment.
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