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Lienb uccnepoBaHusA: BbifiBAEHWE 0COBEHHOCTEN KMHEMATUKKM TazobeapeHHoro cyctasa (TEC) npu BasnbrycHol gepopmaumm ctonbl (HV) pasnnyHol
CTEeNEeHM Yy XKEHLUMH.

Martepuan u metoap!: B vccnefoBaHUe 6bI10 BKAOUEHO 60 KeHLUWH CPeLHEro, MOXMI0To 1 CTapYECKOTo BO3PACToB, CPeau KOTopbIX 6bi1o 32 nauu-
eHTKM ¢ HV ymepeHHOW v TAxENoi cteneHamu (18 u 14 skeHwmH, rpynnbi la u lb cootBeTcTBEHHO) 1 28 sKeHLWMH 6e3 NaTosorMM ONOpPHO-ABUraTelb-
Horo annaparta (rpynna Il), conoctaBMMbIX NO BO3PacTy, POCTY, BECY, MHAEKCY MacChl TeNa U A/IMHe KOHeYHocTU. KuHemaTtuyeckue napametpbl TBC
OLLEeHMBANCH C UCMO/Ib30BAHMEM CUCTEM 3axBaTa ABWMKEHMA U aHanu3a Vicon u nporpammHoro obecneyenune Vicon Nexus 2.0 u Vicon Polygon 4.2
(United Kingdom). Mony4yeHHble AaHHble 06 yrnoBbix NepemelleHmax B TBC Ha BCEM NPOTAXKEHWM LmKAa wara (L) aHanM3mpoBanmch CTaTUCTUYECKH.
PesynbTathl: Y NaLMEHTOK C TAXKENON cTeneHbio HV oTMeueHbl rybokue usmeHeHus KuHemaTukm TBC, 3Ha4ueHMA KOTOPbIX 3HAYMMO OTINYA/UCH OT
NoKasaTenel He TONbKO KOHTPOJIbHOM TPpyMMbl, HO U TPyNMbl C yMepeHHoW cTeneHbto HV, BKAtoYasA yBennyeHue yra crnbanusa B Havane LWL v Ha
BTOPOM MuKe crnbaHus B KoHLe dasbl CpegHEro NepeHoca, a TakKe ymeHblUeHWe yra pasrnbanua B dasy npegnepeHoca. Kpome Toro, npu TaKENoM
cteneHu HV umeno mecto yBennyeHne yrna npuseseHna B cepeunHe $pasbl ONopbl, @ TaKXKe YMEHbLUEHWE YIa 0TBeAeHUA B a3y paHHero nepeHoca
M0 CPaBHEHMIO C NaLMEHTKaMM C YyMepeHHOM cTeneHbio HV U1 XKeHLWMHaM1 KOHTPONbHOW rpynMbl, TOFAA KaK NMpu ymepeHHoW cTeneHnn HV 3HaueHus
yrna crnbaHus Ha ero BTOPOM MUKE U yIa NPUBEAEHNA TakKe Ha BTOPOM €r0 NMUKE He OTANYaNNCh OT KOHTPO/IbHOM Tpynmbl.

3aKnloueHue: NoayYeHHbIe AaHHbIe MOFYT COCOBCTBOBATD Y/YULIEHUIO CYLLECTBYHOLMX METOA0B iedeHnsa HV ¢ pasnnyHbIMK CTENEHAMM TAKECTH, OC-
HOBbIBAACb HAa MOHUMAaHUM BUOMEXaHUKM He TOIbKO AUCTabHbIX, HO M MPOKCUMAbHbIX CYCTaBOB HUMKHEN KOHEYHOCTH, @ TAaK)KE COBEPLLEHCTBOBAHUIO
NpPoGUIAKTUKM OCNOKHEHWI U PELMANBOB AAHHOKN NATONOMUU.

Kntouesble cnoBa: Hallux valgus, masobedpeHHbili cycmas, KUHEMAMUKA Cycmagos, cUCMemMa 3aX8ama O8UMEHUS.
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Objective: This study aimed to identify the features of hip joint (HJ) kinematics in women with hallux valgus (HV) deformity of varying severity.
Methods: The study included 60 middle-aged, elderly, and senile females, among whom there were 32 patients with moderate and severe HV (18
and 14 women, Groups 1a and 1b, respectively) and 28 women without musculoskeletal disorders (Group 2), matched by age, height, weight, body
mass index, and limb length. Kinematic parameters of the HJ were assessed using a Vicon motion capture and analysis system, specifically the Vicon
Nexus 2.0 and Vicon Polygon 4.2 software (UK). The obtained data on angular values of the HJ kinematics throughout the entire gait cycle (GC) were
analyzed statistically.

Results: In patients with severe HV, profound changes in HJ kinematics were observed, with values significantly differing not only from the control
group but also from the group with moderate HV. These included an increase in flexion angle at the beginning of the GC and at the second flexion
peak during the late swing phase, as well as a decrease in extension angle during the pre-swing phase. In addition, severe HV was associated with an
increase in adduction angle during the mid-stance phase and a decrease in abduction angle during the early swing phase, compared to patients with
moderate HV and women in the control group. In contrast, in moderate HV, the flexion angle at the second peak and the adduction angle at the second
peak of adduction did not differ significantly from those of the control group.

Conclusion: The obtained data may contribute to improving existing treatment methods for HV of varying severity, based on an understanding of
the biomechanics of not only distal but also proximal joints of the lower limb, as well as to the prevention of complications and recurrence of this
pathology.
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BBEOEHUE

BanbrycHaa Agedpopmaupsa 6onbworo nanbua cronsi (Hallux
valgus, HV) aBnsietca pacnpocTpaHE&HHOW NaTonoruei, KoTopas BCTpe-
yaetca y 23% nuu, B Bo3pacte 18-65 net n y 36% B Bo3pacTe cTapLue
65 NeT; Yallle Bcero Hayano 3aboneBaHMA NPUXoOAMUTCA Ha Bo3pacT 30-
60 neT, Npy 3TOM Y *KEeHLLMH OHO Pa3BMBAETCA NPUMEPHO B ABa pasa
yatle, 4em y My>k4uH. HV BbI3bIBaeT 60/1b, HapyLIEHWE NOABUKHOCTM
CYCTaBOB HUMKHEW KOHEYHOCTU M CO34aET YyBCTBO AUCKOMPOpPTa Npu
HoLleHUK 00yBM, ABNAACH CaMbIM YaCTbIM MOKa3aHUEM K XMpypruye-
CKMM BMeLLATeNbCTBaM Ha cTone [1-5]. B nocnegHee BpeMs naumeHTbl
¢ HV Bce yvallie npuberatoT K XMpPYpPruyeckoi KoppeKkLumm aToin aedop-
MaLlMK, OHAKO B ABYX TPETAX C/y4yaeB OHA MPUBOAMT K peuuamnsy
[aHHOro COCTOoAHMA [6], 4TO TpebyeT coBepLUeHCTBOBAHMA METOA0B
XUPYPrUYECKOTO /IEYEHWS, OCHOBAHHbLIX Ha [IyOOKOM MOHMMaHUK
OGMOMEXaHVKM He TONMbKO CTOMbl, HO U BCEM HUMKHEN KOHEYHOCTH,
MOCKOJIbKY XOPOLLUO WM3BECTHO, 4To HV ABNsieTCA He M30/IMpPOBaHHOM
npobnemoli ctonbl, a GopmupyeT NaTodU3MONOrMYECKMNE LLEMOYKM,
BOBJ/IEKAIOLLME B MATOAOTMYECKMIA MPOLLECC NPOKCUMANbHbIE OTAE/bI
HUXXHEN KOHEYHOCTH.

B nnTepatype Hemano uccnesoBaHUii Mo USMEHEHWIO MOXOAKM Y
nauuneHToB ¢ HV [7-9] n 6uomexaHMKe CycTaBOB HUMKHEN KOHEYHOCTMU.
MoMMMO rONEeHOCTOMHOIO U APYrMx cyctaBos ctonbl [10-12], pocra-
TOYHO NOAPOOHO onMncaHa BUomexaHMKa KONEHHOTO CycTaBa y Nauu-
eHToB ¢ HV [13-15], ogHako No KMHeMaTHKe Ta30beApeHHOro CycTaBa
(TBC) umetoTca MWL eanHUYHbIe paboTbl [16-18], yTo M nobyauno
Hac BbINONHUTb AAHHOE UCCEA0BaHME.

LLENb UCCNEQOBAHUA

OnpenennTb 0cobeHHOCTU KuHemaTtuky TBC y sKeHWWH cpea-
Hero, MOXM/IOr0 M CTapYeCKoro BO3PacToB C YMEPEHHOMN U TAKENoW
CTEeNeHAMM BasibrycHoW aedopmaLimm cTonbl.

MATEPUAN U METOAbI

MccnepoBaHve 0go0bpeHo sTUYECKMM KOMUTETOM ACTpaxaHcKo-
0O rocyAapCTBEHHOTO MeAMLMHCKOro yHuBepcuTeTa (npotokon Ne 12
0ot 17.09.2018). B Hero 6blav BK/KOYEHb! NaLMeHTbl, 0bpaTuBLIMeCs 3a
MeaMUMHCKoM nomolbto B KB N2 3 ropoga AcTpaxaHu ¢ AMarHo3om
Ba/blyCHOM Aedopmaumm 6onblioro nanbua cronbl 8 2020-2023 ro-
[ax v npowegwve obcnesoBaHue B 1abopaTopum Mo UCCAeL0BAHMIO
OMOMEXaHVKM ABUMKEHUI YenoBeKa ACTPaxaHCKOro rocy1apCTBEHHO-
ro yHuBepcuteta um. B.H. Tatnwesa (UMK «TpexmepHoe nccnenosa-
HUe BUOMEXaHWKM ABUXKEHWIA), rAe NPOM3BOAUIACH OLEHKA KMHe-
maTnyecknx napametpos TBC ¢ Mcnosb30BaHMEM CUCTEMbI 3axBaTa
[BUXKEHMA U cucTem aHanmsa Vicon (Vicon, Oxford, United Kingdom);
BK/toYatowmx 10 nHdpakpacHbix kKamep Vicon T40, aBe BUAEOKame-
pbl Bonita 720, auHamomeTpuyeckyto nnatdopmy AMTI (OR6-5-1000,
Watertown, Massachusetts, USA), uMdppoBoit MynbTUNAEKCHBIA KOM-
myTtatop Vicon Giganet Lab, a TakKe nporpammHoe obecrnevyeHue
Vicon Nexus 2.0 1 Vicon Polygon 4.2 (United Kingdom). Pernctpuposa-

INTRODUCTION

Hallux valgus (HV) is a common pathology, affecting 23%
of individuals aged 18-65 years and 36% of those over 65 years.
The onset most often occurs between the ages of 30 and 60, with
women being affected approximately twice as often as men. HV
causes pain, impaired mobility of the lower limb joints, and dis-
comfort when wearing shoes, being the most frequent indication
for foot surgery [1-5]. Recently, patients with HV have increasing-
ly sought surgical correction of this deformity; however, in two-
thirds of cases, it is accompanied by recurrence [6], which neces-
sitates improvement of surgical treatment methods based on a
deeper understanding of the biomechanics not only of the foot
but of the entire lower limb. It is well established that HV is not
an isolated problem of the foot, but instead forms a pathophysio-
logical chain involving proximal segments of the lower limb.

Numerous studies have examined gait changes in patients
with HV [7-9]. In addition to the ankle and other foot joints [10-
12], the biomechanics of the knee joint in patients with HV has
been described in sufficient detail [13-15]. However, regarding
the hip joint (HJ) kinematics, there are only a few studies that
have been conducted [16-18], which prompted us to conduct the
present study.

PURPOSE OF THE STUDY

To determine the features of HJ biomechanics in women of
middle, elderly, and senile age with moderate and severe HV de-
formity of the foot.

METHODS

The study was approved by the Ethics Committee of Astra-
khan State Medical University, Ministry of Health of Russia (pro-
tocol No. 12 dated September 17, 2018). It included patients who
sought medical care at City Clinical Hospital No. 3 of Astrakhan
with a diagnosis of HV deformity of the great toe in 2020-2023
and underwent examination at the Laboratory for Human Motion
Biomechanics Research of Astrakhan State University named af-
ter V.N. Tatishchev (Center for Three-Dimensional Motion Biome-
chanics Research), where HJ kinematic parameters were assessed
using the Vicon motion capture and analysis system (Vicon, Ox-
ford, UK). The system included 10 Vicon T40 infrared cameras,
two Bonita 720 video cameras, an AMTI dynamometric platform
(OR6-5-1000, Watertown, Massachusetts, USA), a Vicon Giganet
Lab digital multiplex switch, as well as Vicon Nexus 2.0 and Vicon
Polygon 4.2 software (UK). Spatiotemporal gait parameters and
angular values of the limb segments in the HJ, knee, and ankle
joints were recorded.

All patients signed informed consent to participate in the
study. Inclusion criteria were: 1) female sex, 2) middle, elderly,
and senile age, and 3) diagnosis of left-sided or bilateral mod-
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JINCb YINI0BblE NEPeMELLEHUA CErMEHTOB KOHEYHOCTel B roIeHOCTOoN-
HOM, KOJIEHHOM Y Ta306epeHHOM CyCTaBax.

Bce nauueHTbl nognucany uHGopM1MpoBaHHOE COracue Ha Npo-
BefeHWe uccnenosaHve. Kputepum BratoueHUs: 1) skeHckuii non, 2)
CPEeAHWIA, NOXMIOW U CTapyYeCcKuii BO3pacTa, 3) AMarHo3 1eBOCTOPOH-
Hel U ABYCTOPOHHEN BanbrycHol fedopmauym 601bWoro nanbLa
CTOMbI CPEAHEN UK TAKENON CTENEHEN C HANMYMEM NPOSBIEHMIA 3a-
6oneBaHnsA He MeHee 6 Mec. Kputepum UcktoUeHns: 1) KAMHUYECKK
3HaYMMble TPaBMbI U NepeHecEHHble OnepaTUBHbIE BMELLATebCTBA
Ha HUKHEW KOHEYHOCTH, 2) 3ab0/1eBaHMA ONMOPHO-ABUraTEIbHOTO an-
napara, Helpo-MblLLeYHble PAcCTPOICTBA, HEBPOIOrMYECKME COCTOR-
HUA, BAUAIOLLME HA MOXOAKY (BEPTUIO, NEPeHECEHHDIN UHCYILT U Ap.),
3) uHAeKc macchl Tena 6onee 35 Kr/m?, 4) 04HOCTOPOHHMIA NPaBOCTO-
POHHMIA HV, 5) 6epemeHHOCTb.

Y Kaxgol umcnbityemon 6bin cobpaH aHamHes, npousseaeH
OCMOTP TPaBMaTO/NIOFOM-OPTONEA0M U BbINOHEHA peHTreHorpadua
ctonbl. Mo Knaccudurkaumm Mann & Coughlin [19] yron HV onpege-
NANCA NO PEHTTeHOrpamMme Kak yron Mexay AJIMHHbIMU OCAMM nep-
BOM NMOCHEBOM KOCTU U NPOKCMMAa/IbHOM GanaHrv 60/1bLworo naabla.
MHTepmeTaTap3anbHbId yron onpeaenanca Kak yron Mexay A7vH-
HbiMu ocamu | 1 Il natocHeBbIX KocTel. YuuTtbiBanach cteneHb HV:
yMepeHHas, unu cpeaHan (ecam yron HV >20°, Ho <40°, a MHTepmeTa-
Tap3anbHbIi yron 11-160) unu Taxkénas (ecam yron HV >40°, a uHTep-
MeTaTap3abHblii yron >16°).

C y4éTOM KpUTEPUEB BKAIOYEHUA U UCKNIOYEHUA B UCCaeno-
BaHMe Bow/M 32 naumeHTkM ¢ HV v 28 KeHWWH-406pOoBO/bLEB
COOTBETCTBYIOLLEro BO3pPacTa, Beca U pocta 6e3 3abonesaHuii onop-
HO-[BMraTe/IbHOTO annapaTta, COCTaBMBLUMX KOHTPOJIbHYIO Tpynny;
[N NOCNeAHUX TPETUM KPUTEPUI BKIKOYEHUA ABAANCA KpUTepuem
UCKNOYEHNA. Y BCEX XKEHLUMH U3MEPANM BeC, POCT, A/MHY HUXKHe
KOHEUYHOCTH, @ TaK¥Ke PaccUUTbIBAAM MHAEKC MACChbl TeNa.

McnbITyembix MPOCUAM OCYLLECTBUTL NATb CEPUIA LIATOB B NpU-
BbIYHOM /11 HWMX MOCTOSIHHOM Temmne Mo CeKUMAM AUMHAMOMETPH-
Yyecko nnathopmbl A7MHON 6 M. 3aperncTpuMpoBaHHble CUCTEMON
3axXBaTbl ABUMKEHMA UCMbITYEMbIX aHAIM3MPOBAANCH C MOMOLLBHO MPO-
rpammHoro obecnedenus Vicon Polygon.

CTaTUCTUYECKMI aHaIM3 NOYUYEHHbIX AaHHbIX aHaNU3UpPOBacA
C NpumeHeHKem nporpammbl Statistica 10 (StatSoft Inc., Tulsa, USA).
HopmanbHoCTb pacnpeseneHuit onpesensnach ¢ NOMOLLBIO KpuTe-
pua Konmoroposa-CmupHoBa. Mpu HOpmanbHOM pacnpeaeneHuu,
[laHHble NPeACTaBAANNCD KaK CPefiHWE  CTaHAAPTHOE OTKIOHEHMWE U
aHa/M3MpoBaNNCh ¢ nomoLpto t-kputepusa CrbtogeHTa. Mpumenanca
0AHODAKTOPHbIN AUCNEPCUMOHHBIM aHaNNU3 C anoCTePUOPHBIM Monap-
HbIM CpaBHeHWeMm no KpuTepuio CTblogeHTa ¢ nonpasKoi boHdpeppo-
HUW. Mpy HeHOpPMasbHOM pacrnpefeneHUn AaHHble NPeaCcTaBAAANCD
Kak Me [Q1; Q3], AnAa cpaBHeHUA rpynn npumeHsanca Tect MaHHa-Y-
UTHWU. OZHO(AKTOPHbIN aHaM3 B 3TOM C/yYae NPOBOAM/CA C NpUMe-
HeHvem Kputepua Kpyckana-Yonnuca c anoctepuopHbIM NOMapHbIM
CpaBHeHMEeM Mo Kputeputo MaHHa-YUTHU ¢ nonpaskoi BoHbeppo-
HW. 3HaYeHWA CpefHMX U CTaHAAPTHOTO OTKOHEHWA UCMO/b30BaHbI
M3 aHaNOMMYHbIX paHee NPOoBeAEHHbIX uccnenoBaHmin [18]. PacuéTbl
NOKa3ann, 4To MUHUMAIbHOE YNCI0 UCCNeS0BAHWI B KX A0 rpynne
cocrasnqet 10.

PE3YNbLTATbI

Bcero B 1ccnefoBaHne BKAOYEHO 60 KEHLWMH cpefHero, no-
JKWUIOTO M CTapyeckoro Bo3pactos (ot 24 go 80 neT) no Bo3pacTHoOM
knaccuoumkaumm AMH CCCP (1965), cpeay KoTopbIxX 32 MeHLWmHbI ¢ HV
(I rpynna) n 28 KoHTponbHbIX eHwuH (Il rpynna). B | rpynne cpes-
HWI Bo3pacT cocTasun 52,47+15,33 net; cpegHuit Bec 69,27+13,21

574

erate or severe HV deformity with disease manifestations for at
least 6 months. Exclusion criteria were: 1) clinically significant
injuries and previous surgical interventions on the lower limb,
2) musculoskeletal diseases, neuromuscular disorders, neuro-
logical conditions affecting gait (vertigo, previous stroke, etc),
3) body mass index >35 kg/m?, 4) unilateral right-sided HV, 5)
pregnancy.

For each subject, medical history was collected, a physical
examination by an orthopaedic surgeon was performed, and foot
radiography was carried out. According to the Mann & Coughlin
classification [19], the HV angle was determined on radiographs
as the angle between the long axes of the first metatarsal bone
and the proximal phalanx of the hallux. The intermetatarsal angle
was determined as the angle between the long axes of the first
and second metatarsal bones. The degree of HV was considered
moderate (if 20°<HV angle<40°, and the intermetatarsal angle 11-
16°) or severe (if the HV angle 240° and the intermetatarsal angle
>16°).

Considering the inclusion and exclusion criteria, 32 HV pa-
tients and 28 age-, weight-, and height-matched women without
musculoskeletal pathology, who comprised the control group,
were enrolled in the study. For the latter, the third inclusion crite-
rion served as an exclusion criterion. In all women, body weight,
height, and lower limb length were measured, and body mass in-
dex was calculated.

The subjects were asked to perform five series of steps at
their habitual steady pace along the sections of a 6-meter dyna-
mometric platform. Motion capture data were analyzed using Vi-
con Polygon software.

Statistical analysis of the obtained data was performed us-
ing Statistica 10 software (StatSoft Inc., Tulsa, USA). Normality of
distributions was assessed using the Kolmogorov-Smirnov test.
For normally distributed data, results were presented as mean *
standard deviation and analyzed using Student’s t-test. One-way
analysis of variance (ANOVA) was performed using post-hoc pair-
wise comparisons by Student’s t-test with Bonferroni correction.
For non-normally distributed data, results were presented as
M [Q1; Q3], and group comparisons were performed using the
Mann-Whitney test. One-way analysis in this case was carried out
using the Kruskal-Wallis test with post-hoc pairwise comparisons
by the Mann-Whitney test with Bonferroni correction. The mean
values and standard deviations were taken from similar previous-
ly conducted studies [18]. Calculations showed that the minimum
sample size in each group was 10.

RESULTS

A total of 60 women of middle, elderly, and senile age (from
24 to 80 years), according to the age classification of the USSR
Academy of Paedagogical Sciences (1965), were included in
the study, among whom there were 32 women with HV (Group
1) and 28 control women (Group 2). In Group 1, the mean age
was 52.47+15.33 years (p=0.21); mean weight 69.27+£13.21 kg
(p=0.09); mean body mass index 26.85+5.24 kg/m? (p=0.11);
mean height 160.91+5.84 cm (p=0.44); mean leg length
77.6312.83 cm (p=0.72). According to the Shapiro-Wilk test,
all anthropometric indicators exhibited a normal distribution
(p>0.05). None of the listed anthropometric parameters showed
significant differences between Group 1 and Group 2 (p>0.05).

Among patients with HV, moderate deformity was diag-
nosed in 18 (Group 1a, 56%) and severe deformity in 14 (Group
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Kr; CPedHWMi MHAEKC macchl Tena 26,85t5,24 Kr/m?, cpefHuit poct
160,91+5,84 cm; cpepHAa anvHa Horm 77,6312,83 cm. Mo Kputepuio
LLlanMpo-Yunka Bce aHTpONOMETpUYECKMe MOKasaTenn umenu Hop-
ManbHoe pacnpeaeneHue (p>0,05). HM no ogHOMy U3 nepeyncieH-
HbIX aHTPOMOMETPUYECKMX MOKasaTenein mexay | u Il rpynnamu He
6bISI0 CTATUCTMYECKM 3HAUYMMbIX OTAKYMIA (p>0,05).

Cpeay naumeHToK ¢ HV ymepeHHas cteneHb bblia AMarHocTupo-
BaHa y 18 (la rpynna, 56%), a Taxénan —y 14 (b rpynna, 44%). na npa-
BOMEPHOCTU CpaBHeHMA KnHemaTtuku TBC y aTux AByX rpynn nauueH-
TOK, Mbl COMOCTaBUM UX aHTPOMOMETPUYECKME NMOKa3aTesu (1abn. 1).

Takum 06pasom, Kak cnegyet us 1abn. 1, rpynnsl la v b 6biam
COMOCTaBMMbI MO BCEM aHTPOMOMETPUYECKMM MOKa3aTeNaM.

Moaasnstoee 60NbWMHCTBO NauMeHToK (81,3%) umeno agy-
cTopoHHui HVY, 18,7% nmenun nesoctopoHHuin HV. Onpeaenexue yrna
HV » nHTepmeTaTap3asbHOrO yria NpoBOAWAOCL MO PEeHTreHorpam-
Mam (puc. 11 2).

Tabauya 1 CpagHUMenbHaA Xapakmepucmuxa nayueHmok ¢ HV
yMepeHHOU U maénoli cmeneHell N0 aHMPONOMeMPUYECKUM
nokaszamenam, M+o

- Bo3pacrt, net Bec, Kr Poct, cm
Age, years Weight, kg Height, cm
la/la 51.78+13.59 66.35+10.3 161.2245.56
Ib/1b 53.5+17.57 72.3+16.57 159.7946.39
p >0.05 >0.05 >0.05

NpumeyaHwe: p — CTaTUCTUYECKasA 3HAYMMOCTb Pa3INYMiA Mexay rpynnamu la u Ib
Note: p — statistical significance of difference between Groups 1a and 1b

1b, 44%). To ensure the validity of the comparison of HJ kinemat-
ics in these two patient groups, we compared their anthropomet-
ric parameters (Table 1).

Thus, as shown in Table 1, Groups 1a and 1b were compara-
ble in all anthropometric indicators.

The vast majority of patients (81.3%) had bilateral HV, and
18.7% had left-sided HV. The determination of the HV angle and
the intermetatarsal angle was performed on radiographs (Figs. 1
and 2).

In Fig. 3, examples of kinematic curves of HJ movements
during the gait cycle (GC) are presented: a woman from the con-
trol group (a), patients with moderate (b), and severe (c) HV. In all
three graphs, peak flexion values are observed at initial contact
(0-2% GC), which immediately begin to decrease until mid-stance
(up to 30% GC). After this, extension begins, reaching its peak
during the pre-swing phase (51-62% GC). Thereafter, extension

Table 1 Comparison of anthropometric indicators of patients with
moderate and severe HV, M+o

[ONnHa HUXKHEN KOHEYHOCTU, CM
Lower limb length, cm

WHaeKc maccbl Tena, Kr/m?
Body mass index, kg/m?

25.81+£3.99 79.00£3.79
28.34+6.29 77.43+4.38
>0.05 >0.05

Puc. 1 OnpedeneHue yena HV u
UHMepMemamap3asnbHo20 yenay
nayueHmku ¢ 1egocmopoHHuUm HV
cpedHell cmeneHu

Fig. 1 Determination of the HV and the
intermetatarsal angles in a patient with
left-sided moderate HV

Puc. 2 OnpedeneHue yena HV u
UHMepMemamap3anbHo20 yena y
nayueHmxu ¢ 08ycmopoHHUM HV
maxénol cmeneHu

Fig. 2 Determination of the HV and the
intermetatarsal angles in patients with
bilateral severe HV
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Ha puc. 3 npeacTasneHbl NpUmepbl KUHEMATUYECKUX KPUBbIX
asvxkeHnit 8 TBC B upkne wara (L) »eHWmMHbI U3 KOHTPO/bHOM
rpynnbi (a), a TakKe naumeHTok ¢ HV ymepeHHol (B) u Taxkénol (c)
cTeneHen. Ha Bcex TPEX pyCyHKax Npy NepBOHavanbHOM KoHTakTe (0-
2% L) oTMeYanucb NUKOBble 3HAYeHUA CrbaHmsa, KoTopble cpasy
HaYMHaNM YMeHbLIATBCA BNIOTb 0 cepeamnHbl dasbl onopbl (40 30%
LILLI), nocne yero HauMHanoch pasrnbaHune, ocTUrasLLee nuka B dasy
npenepeHoca (51-62% LILL). 3aTem pasrmbaHMe HauMHaANO YMeHb-
LIATbCA U CMEHANOCH CrbaHuem, gocTurasiuem Il NMKoBoro 3HaueHus
B KoHLe da3bl nepeHoca (88-100% LLL).

Ha puc. 3¢ BUAHO, YTO y MALMEHTKM C TAXKENOW cTeneHbto HV no-
NIOXKeHWe pasrmbaHva He JOCTUranoch (Npy AsukeHun Beapa Hasaz,
Yron OCTaBaNCA MONOKUTENbHBIM), U 6eApPO 0CTaBaNoCh B COrHYTOM
NONOXKeHUW. MOMMUMO 3TOrO, Ha PUCYHKe BUAEH BONbLUMIA AMana3oH
[LBUKEHUI BOKPYT NOMepeyHoMn ocu y naLeHToK ¢ HV no cpasHeHuto ¢
YKEHLLWHOW KOHTPO/IbHOW FpyNmbl, @ Takke 6onbLUMe yIibl CrvbaHua 1
MEHbLLWI yron pasrnbaHunsa obenx koHeuHoctel B TEC npu HV ymepeH-
HOW M TAXKENOW CTeNeHAX NO CPAaBHEHMIO C KOHTPO/IBHOM UCMbITYEMOW.

B Tabn. 2 npeacTaBneHbl 4aHHbIE KUHEMATUKM ABUKeHMI B TEC
BOKPYT MOMEPEYHOM OCK Y KeHLWMH la, Ib n Il rpynn.

Kak cnepyet v3 Tabn. 2, y KeHLWMH BCex TPEX rpynn no F-Kpu-
TEPUIO UMEIN MECTO CTAaTUCTMYECKM 3HAUUMbIE PA3NNYNA 3HAUEHWI
yrna crubaHuma B Havane LLL, koTopble 6blaM NOATBEPKAEHBI NOC/E-
[YIOLWMM anocTePUOPHbLIM CPaBHEHMEM FPYMN C NPUMEHEHUEM Kpu-
Tepus TbloKM ¢ nonpaBkoi BoHdeppoHu: no gaHHOMY napameTpy
rpynnbl XeHWuH ¢ HV ymepeHHOW 1 TAXENON CTeneHel cTatucTuye-
CKM 3HAYMMO PA3NNYaNNUCh MEKAY COOOM U C KOHTPOILHOM rPyNmnoi.
Mo nuKoBOMY 3HauYeHWto yria pasrvbanua B dasy npenepeHoca B
COOTBETCTBUM C KpuTepuem Kpyckana-Yonnuca y *KeHLWmH Tpéx rpynn
TaK¥Ke UMEINCb CTaTUCTUYECKU 3HAUMMBbIe OT/IMUMA; anoCTePUOPHbIe
NapHble CPaBHEHUA C NPUMeHEHVEM KpuTepus MaHHa-YUTHM ¢ no-
npaBKoi boHdeppoHM NoKasanu Hannume CTaTUCTUYECKM 3HAUMMbIX
OT/IMYMIA NO LAHHOMY NapameTpy Mexay rpynnamu naumeHTok ¢ HV
YMEPEHHOM 1 TAXKENOW CTeneHel, a TakxKe MeXay HUMU 1 KOHTPO/Tb-
HoW rpynnoit. M1KoBble 3HaYeHMA yIa crnbaHus, npuxoaalLmecs Ha
KoHeL, $a3bl cpeHero nepeHoca, Takyke MMenu CTaTUCTUYECKM 3Haun-
Mble OTINYUA Y UCTILITYEMBIX TPEX FPYNN B COOTBETCTBUU C KpUTEPUEM
Kpyckana-Yonnuca, anoctepmopHble napHble CPaBHEHWA C NPUMeHe-
Huem Kputepua MaHHa-YUTHU ¢ nonpaskol boHbeppoHu nokasanu
HasMyMe CTaTUCTUYECKMN 3HAYUMbIX OT/IMUMIA MO AaHHOMY napameTpy
rpynn nauueHToK ¢ HV ymepeHHOM 1 TAXKENOoM cTeneHei, a Takke ¢ HV
TAXENOWM CTENEHW U XKEHLLMH KOHTPONBbHOM rpynnbl.

Taknm 06pa3om, KUHEMATMKA ABMKeHWIM B TEC y NALMEHTOK C
TAXENOW cTeneHbto HV pe3ko 0TMyanack OT KOHTPO/IbHOW FpynMnbl NO
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begins to decrease and is replaced by flexion, reaching a second
peak at the end of the swing phase (88-100% GC).

As seen in Fig. 3c, the extension position is not achieved in a
patient with severe HV (when the thigh moves backward, the an-
gle remains positive), and the thigh remains in a flexed position.
In addition, Fig. 3 shows a greater range of motion (ROM) around
the transverse axis in patients with HV (Figs. 3b and 3c) compared
to the control woman (Fig. 3a), as well as a greater flexion angle
and a smaller extension angle of both limbs in the HJ in moderate
(Fig. 3b) and severe (Fig. 3c) HV than in the control woman (Fig.
3a).

Table 2 presents the data on HJ kinematics of movements
around the transverse axis in women of Groups 1a, 1b, and 2.

As shown in Table 2, significant differences in flexion angle
values at the GC beginning were found among women in all three
groups, as determined by the F-test. These differences were con-
firmed by subsequent post-hoc comparisons using Tukey’s test
with the Bonferroni correction. In this parameter, groups of wom-
en with moderate and severe HV significantly differed both from
each other and from the control group. Regarding the peak value
of the extension angle in the pre-swing phase, significant differ-
ences were also observed among women of the three groups ac-
cording to the Kruskal-Wallis test; post-hoc pairwise comparisons
using the Mann-Whitney test with Bonferroni correction revealed
significant differences in this parameter between groups of pa-
tients with moderate and severe HV, as well as between them
and the control group. The peak values of the flexion angle oc-
curring at the end of the mid-swing phase also showed signifi-
cant differences among subjects of the three groups according to
the Kruskal-Wallis test; post-hoc pairwise comparisons using the
Mann-Whitney test with Bonferroni correction demonstrated sig-
nificant differences in this parameter between groups of patients
with moderate and severe HV, as well as between those with se-
vere HV and women of the control group.

Thus, the kinematics of Hl movements in patients with se-
vere HV differed markedly from those of the control group in all

Puc. 3 lMpumepel KuHeMamu4eckux Kpusbix 0suxceHuli 8 ThC 8
LLL eHwuH u3z koHmponeHoli epynnei (a), ¢ HV ymeperHol (b) u
maxénol (c) cmeneHamu (kpacHell ugem — nesas Hoaa, 3enéHbil
ysem — npasas Hoza)

Fig. 3 Examples of HJ kinematic curves during the GC in women from
the control group (a), with moderate (b), and with severe (c) HV (red
line — left lower limb, green line — right lower limb)
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Tabnuya 2 CpasHUMesnbHAA XAPAKMepPUCMUKA KUHEMAMUKU
dsuxpceHul 8 TEC 8 caezummaneHol nnockocmu y 60s1bHbIX
¢ HV u »eHwuH KoHmponeHol 2pynnel

b 1] la
1a 1b 2 la
N npoxogok 90 70 140 90
N of trials
. 40,381+ 49,526+ 35.429+ -4.717%
Mio 6.469 6.945 9.216 5.021
Me [Q1; Q3]
p (df=2) <0.001*
P, <0.001*  <0.001* =0.004
p, <0.001*

MuK pasrmbaHua
Peak of extension

Table 2 HJ kinematics of movements around the transverse axis
in moderate and severe HV patients and the control group women

Il nuK crnbanma
2" peak of flexion

1b 1} la b 1}
1b 2 la 1b 2
70 140 90 70 140
-1.749+ -7.143% 36.92+ 46.450% 35.893+
1.475 6.115 5.66 8.051 6.876
-6 36.75 45.05 34.75
[-12;-2] [34.5;40.6] [42.9;49.01] [30; 40]
<0.001 <0.001
<0.001 >0.017 <0.001
<0.001 <0.001

[pumeyaHua: p — CTaTUCTMYECKaA 3HAYMMOCTb Pa3NUUMIA MeXay Bcemu uccnegyembimu rpynnamu (la, Ib m 1) (no kputeputo Kpyckana-Yonnuca; * — ANOVA); ps — cTatu-
CTMYeCcKas 3HaYMMOCTb PasNNYUIA MO CPaBHEHWMIO CO |l rpynnoid; pz2 — CTAaTUCTUYECKaA 3HAUUMOCTb PasAYMin mexay rpynnamu la u b (no kputeputo MaHHa-YuTHu; * — no
Kputeputo Tbtokm). C y4€Tom nonpasku BOHOEPPOHM AR 1 U P2 YPOBEHb CTAaTUCTUYECKOI 3HaUMMOcTH a=0,017

Notes: p — statistical significance of difference between all groups (1a, 1b, 2, Kruskal-Wallis test; *ANOVA); p: — statistical significance of differences with Group 2; p.
— statistical significance of difference between Groups la and 1b (Mann-Whitney test, * — Tukey test). With Bonferroni correction for p: and p: the level of statistical

significance is a=0.017

BCEM MUKOBbIM 3Ha4YeHUAM YII0B CrubaHus 1 pasrnbaHus B pasany-
Hble da3bl LiLL, B TO Bpems KaK y NaLMEHTOK C YyMepeHHOW CTeneHbHo
HV yBennyeHne BTOPOro NMKOBOTO 3HAYEHWA yrna CrnbaHus He 4OCTH-
raso ypoBHS 3HAYMMOCTMU.

Puc. 4 otparkaeT KuHemaTuKy ABuKeHW B TEC BO GpoHTaNbHOM
N0CKOCTU.

Y UcnbITyemoit KoHTponbHow rpynnbl (a) LU HaunHancs B no-
NOXKeHUn npusesaeHus (£4°-6°), nocae Yero y NeBoi HOrv UMeno me-
CTO yBeNMYeHWe yra NpuBeaeHUA [0 AOCTUXKEHWA NKKa B cepeauHe
basbl onopbl (£7°), a 3aTem yron NpuBeAeHUA HaYMHAN YMEHbLLATBLCS,
1 6enpo Nepexoauno B COCTOAHWE OTBEAEHMA, MUK KOTOPOro (£-4°)
npvxoamMnca Ha ¢asy paHHero nepexoca. [anee HaYMHANOCh YMEHb-
LIEHWe yINa 0TBeAEHMA, U Beapo Nepexoauo B COCTOAHME NpuBese-
HWS, [OCTUran BTOPOro MMKOBOTO 3HauyeHus (£1,5°) B pasy cpeaHero
nepeHoca. paBaa Hora NokasbiBana CXOAHYIO KMHEMATMKY, 3a uC-
KNtOYEHMEM OTCYTCTBUA NepPBOro N1Ka NpuBeaeHNs B cepeamHe dasbl
onopebl.

Y naupeHTkM ¢ HV ymepeHHOW cTeneHn obe HUKHME KOHEYHO-
CTV AEMOHCTPUPOBAN CXOAHYIO AMHAMUKY ABUXeHWI B TBC BOKpyr
carutTanbHou ocu (puc. 4b): nonoxkeHue oTBEAEHMA HE JOCTUIANOCh
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peak values of flexion and extension angles across various GC
phases. At the same time, in patients with moderate HV the in-
crease in the second flexion peak compared to the control group
did not reach statistical significance.

In the woman from the control group (a), the GC begins in
the adduction position (£4°-6°), after which the left leg shows an
increase in the adduction angle, reaching a peak in mid-stance
(4£7°). Then, the adduction angle begins to decrease, and the
thigh shifts into abduction, with the peak (£-4°) occurring during
the early swing phase. Subsequently, the abduction angle de-
creases, and the thigh moves into adduction, reaching the second

Puc. 4 lpumepsl KuHeMamuyeckux Kpuebix 0suxceHuli 8 TC 8okpye
caeummaribHoU ocu #eHUUH U3 KOHmposbHoU epynnei (a), ¢ HY
ymeperHol (b) u maxcénol (c) cmeneHsmu (kpacHelli usem — nesas
Hoea, 3en1éHbill usem — npagas Hoaa)

Fig. 4 Examples of kinematic curves of H/ movements around the
sagittal axis in women from the control group (a), with moderate (b),
and with severe (c) HV (red line — left lower limb, green line — right
lower limb)
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Ha npoTsaxeHuu Beero LILL, 1 Hora ocTaBanack B NONOKEHUN NpUBese-
HUA BO BCex ero ¢pasax; KpoMe TOro UMENWChb TPU NMUKa crubaHus, Tak
KaK MoABAANCA AOMONHUTENbHbIV NUK B da3y NpeanepeHoca, 4OCTH-
raBLUNI 3HaYeHU £8°-10° anA neBoi 1 NPaBOM HOMM COOTBETCTBEH-
HO.

Y naumeHTkm ¢ HV TAxEénol cteneHn nesas Hora 4eMOHCTPUPO-
Ba/la pe3Koe yBenyeHne NepBoro nuka npuseaeHns ao £15° s cepe-
AnHe da3bl ONopbl U TaKKe He [0CTUrana NoAOKEHUA OTBeAEHMA Ha
BCcéM npoTaxeHum LLL, ocTaBasnck B COCTOAHUU NPUBEAEHNS C MUHU-
ManbHbIM yrom £5° B a3y npeanepeHoca, B TO BPeMA Kak npasas
HOra 0CTUrana CoCToAHUA 0TBeAeHUA A0 £Z—2° U uMena bonee Hus-
Kve NWKW NpuBeAeHuNs.

HopmanusosaHHas no LW kKuHemaTuka asukeHuit B TBC BO
bPOHTaNbHOM NNOCKOCTM Y KeHWMH la, b w |l rpynn npeacTasneHa B
Tabn. 3.

Kak cnepyet u3 Taban. 3, no Kputeputo Kpyckana-Yonnwca nep-
BOE MWKOBOE 3HAYeHWe NpuBeaeHUA B cepeanHe Gpasbl Onopbl CTa-
TUCTMYECKM 3HAUMMO Pa3NnYaNoCh BO BCEX TPEX rpynnax Ucnbitye-
Mbix: la, Ib 1 Il. AnocTepropHoe nonapHoe CPaBHEHME NO KPUTEPUIO
MaHHa-YuTHu ¢ nonpasKkoi boHpeppoHu nokasano, 4to No JaHHOMY
napameTpy rpynnbl }eHwWwmuH ¢ HV ymepeHHoW v TaXKENoi cteneHen
CTATUCTUYECKM 3HAYMMO PA3/IMUANNCh MEXAY CODOW U C KOHTPONbHO
rpynnoit. MMKoBoe 3HayeHWe yra oTBeaeHus B Gasy paHHero nepe-
Hoca B COOTBETCTBMM C KpuTepuem Kpyckana-Yonnwuca y Bcex Tpéx
rpynn 6bi10 CTAaTUCTUYECKM 3HAYUMMO Pa3/IMUHBIM. ANOCTepUOPHbIe
nonapHble cpaBHeHUA No KpuTeputo MaHHa-YUTHM ¢ nonpaskoii boH-
beppoHu NoaTBEPANAN HAIMUME CTATUCTUHECKM 3HAUMMO OT/IMYMIA MO
[AHHOMY MoKasaTento y 0b6enx rpynn nauueHTok ¢ HV oT KOHTponb-
HOW rpynnbl U mexay coboit. Mo BTOpOMY NMKOBOMY 3HAUYEHMIO Yra
npvBeseHVA B $pa3ly cpefHero nepeHoca no Kputeputo Kpyckana-Yo-
JUINCA TaKKe UMEI0 MECTO CTaTUCTUYECKM 3HAUMMOE OT/IUME MEXKAIY
UCMbITYEMbBIMU BCEX TPEX TPYMM, KOTOpoe BblN0 NOATBEPKAEHO Mo-
NapHbIM anoCTEPUOPHbLIM CPaBHEHUEM MO Kputeputo MaHHa-YUTHU
¢ nonpasKoi BoHpeppoHM rpynnbl NALMEHTOK C TAKENON CTENEHbIO
HV 1 KOHTpONbHOM rpynnbl, B TO BPEMA KaK Pasavuma y NaLuMeHTOK
¢ HV ymepeHHoii cTeneHn no AaHHOMY NMOKa3aTeNto ¢ KOHTPOIbHOM
rpynnov 1 rpynnoi NauMeHTOK ¢ TAXKENOM cTeneHbto HV He gocTurano
YpOBHA 3HauumocTty (p>0,017).

Tabauya 3 CpasHUMesbHAA XaPAKMePUCMUKA KUHEMAamuKu
dsuxceruli 8 TEC 8okpye caeummarbHoli ocu (npusedeHue-omeedeHue)
y 60s16HbIX € HV U #eHWUH KOHMPOonbHOL epynnbl

| NUK npuBegeHus

peak (£1.5°) in the mid-swing phase. The right leg shows a similar
kinematic pattern, except for the absence of the first adduction
peak in mid-stance.

In the patient with moderate HV, both lower limbs demon-
strate a similar dynamic of Hl movements around the sagittal axis
(Fig. 4b): abduction is not achieved across the GC, and the hip
remains in adduction in all its phases; in addition, there are three
flexion peaks, since an additional peak appears in the pre-swing
phase, reaching £8° and 10° for the left and right legs, respec-
tively.

In the patient with severe HV, the left hip shows a sharp in-
crease in the first adduction peak to £15° in mid-stance. Likewise,
it does not achieve abduction across the GC, remaining in adduc-
tion with a minimum angle of £5° in the pre-swing phase. In con-
trast, the right leg reaches abduction up to £-2° and has lower
adduction peaks.

Normalized to the GC, the kinematics of Hl movements in
the frontal plane in women of Groups 13, 1b, and 2 are presented
in Table 3.

As shown in the Table 3, according to the Kruskal-Wallis
test, the first adduction peak in mid-stance significantly differed
among the three groups of subjects: 1a, 1b, and 2. Post-hoc pair-
wise comparisons using the Mann-Whitney test with the Bon-
ferroni correction revealed that, in this parameter, the groups
of patients with moderate and severe HV differed significant-
ly from each other and from the control group of women. The
peak abduction angle in the early swing phase also showed sig-
nificant differences among all three groups, as determined by
the Kruskal-Wallis test. Post-hoc pairwise comparisons using the
Mann-Whitney test with the Bonferroni correction confirmed sig-
nificant differences in this parameter between the two HV patient
groups and the control group, as well as between the moderate
and severe HV patient groups. Regarding the second adduction
peak in the mid-swing phase, the Kruskal-Wallis test also revealed
significant differences among all three groups of subjects, which
were confirmed by post-hoc pairwise comparisons using the
Mann-Whitney test with the Bonferroni correction between the
control group and the severe HV patient groups. In contrast, the

Table 3 Comparative characteristics of HJ kinematics around the
sagittal axis (adduction-abduction) in patients with moderate and
severe HV and women of the control group

MNMuk oTBeaeHusn Il nuKk npuBeaeHusa

1%t peak of adduction Peak of abduction 2" peak of adduction
la b ] la 1b 1 la b 1]
la 1b 2 la 1b 2 1a 1b 2
N npoxoaok 90 70 140 90 70 140 90 70 140
N of trials
Mo 7.092+ 8.878+ 6.536+ —5.475+ —0.638+% —6.286+ 2.914+ 3.525+% 2.607%
- 3.814 5.597 2.543 4.019 0.540 3.097 2.755 2.852 2.847
8.10 6.75 —7. 2.75
Me [Q1; 3] [3.70; 10] - [5; 8] B B [-8;-5] : - [0; 61
p (df=2) <0.001 <0.001 =0.032
P, =0.013 <0.001 =0.006 <0.001 >0.017 =0.006
P, =0.008 <0.001 >0.017

NpuUmeyaHws: p — CTaTUCTUYECKanA 3HAUMMOCTb PA3NUMIA MEXAY BCcemu uccneayembimu rpynnami (la, Ib v Il) (no kputeputo Kpyckana-Yonnuca); pr — craTucTUdeckas 3Ha-
UMMOCTb Pa3nYMiA MO CpaBHEHMIO co Il rpynnoii; P2 — CTaTUCTUYECKAs 3HAYUMOCTb Pas3NMuMii Mexay rpynnamu la u Ib (no kputeputo MaHHa-YuTHM). C y4ETOM Nonpasku

BoHdEeppoHU Ans pr 1 p2 ypOBEHb CTATUCTUYECKOI 3HauMmocTv a=0,017

Notes: p — statistical significance of difference between all groups (1a, 1b, 2, Kruskal-Wallis test); p: — statistical significance of differences with Group 2; p. — statistical
significance of difference between Groups 1a and 1b (Mann-Whitney test). With Bonferroni correction for p: and p: the level of statistical significance is 0=0.017
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OBCYXOEHUE

Xozbba no3BonseT oLeHUTb NOABUMKHOCTb CYCTaBOB M AManasoH
ABMXKeHW B HUX [20]. HV He ABnseTca usonnpoBaHHoW Npobnemoii
60/1bLLOTrO NanbLa CTOMbI UM JAKe BCel CTonbl U eé cycTaBoB. Uccne-
[0BaHNA pAfa aBTOpPOB NoKasanu, 4to HV nposoumpyeT usmeHeHuA
BO BCEM KMHEMATMUYECKOW Lenu HUNKHEN KOHEYHOCTM, BKAKOYas Tas3
U NPOKCMMaJIbHbIE CYCTaBbl (KONeHHbIW cycTaB U TBC), BbI3bIBaA W3-
ObITOYHOCTb UNWN HELOCTAaTOUHOCTb ONPEAENEHHBIX ABUNKEHUI B HUX,
a TaKXXe OKa3blBaeT BAMAHME Ha YHKLMOHaNbHOE COCTOAHME Ta3a U
NosICHMUbI NaumeHTa [16-18].

MpoBeaéHHOE HaMK UCCe0BaHKE NOKa3aso, YTo, HapAay C Xo-
poLIO U3BECTHbIM BAMAHMEM HV Ha NOXOAKY M AMCTasbHble CycTaBbl
HUKHEN KOHEYHOCTU, UMEEeT MeCTO HapyLLeHNe KUHEMATUKM ABUxKe-
Hui1 B TBC, KOTOpOE 3aBMCUT OT cTeneHn Taxectn HV. Tak, y nauueH-
TOK C TAXENON cTeneHbto HV No cpaBHEHWMIO He TONbKO € KOHTPO/IbHOW
TPYNMoWi, HO U C rPYNMoM NAaLUMEHTOK C yMepeHHoM cTeneHbio HY, ume-
€T MeCTO 3Ha4YMMOe yBen4eHue yrna crnbanusa 8 TEC B Havane upkna
Lara, a TaK*Ke CTaTUCTUYECKM 3HAUMMOE YMEHbLLEHMWe yIa pasrnba-
HuA B da3y npenepeHoca, Korga y 6O/bLIMHCTBA U3 HUX HOra He fo-
CTUraeT COCTOAHUA Pa3rnbaHus, 0CTaBaACh B MOOKEHUMU CrMbaHMA Ha
BCEM npoTaxeHun LLL. B ToO e Bpems, y NaLMeHTOK C yMepeHHOM
cTeneHbto HV Mmeno mecto CTaTUCTMYECKM 3HAYMMOe yBenuveHue
yrna crnbanws B TEC B Hayase LKA U YyMEHbLUEHMWe yria pa3rnbaHua
B ¢pasy npenepeHoca No CPaBHEHMIO C KOHTPOJIbHOM FPYNMoW, OAHAKO
yBe/MYeHve yria crnbaHua B KoHue dasbl nepeHoca He bbino cratu-
CTUYECKM 3HAYMMbBIM.

HapylweHve KuHemMaTuku asuxkeHunii B TBC BOKpyr carntTasb-
HOW OcK y maumeHToK ¢ HV 6bl10 Takke OnocpesioBaHO CTENeHbHo
3aboneBaHua. Y NauMeHTOK C TAaxénoi creneHblo HV nmeno mecto
3HauMMOe yBeNUYeHMe yria NpuBeAeHNUs B cepeanHe dasbl onopsl,
a TaKXKe yMeHblUeHWe yrna oTBeAeHns B Gasy paHHero nepeHoca no
CPaBHEHUIO KaK C KOHTPO/IbHOW rpynmoii, Tak U ¢ rpynmnoi naLmeHToK
C YMEpEHHOI cTeneHbto 3abonesaHus. Mpu 3ToM y 60/1bLIMHCTBA Na-
LIMEHTOK C TAMENOW cTeneHbto HV nonosKeHne oTBeeHMA He AoCTUra-
NI0Cb, ¥ HOTa OCTaBaNaCb B HEMTPasIbHOM COCTOAHUW UM B COCTOAHUM
npuseseHns Ha BCEM npoTaxeHun LILL. Y naumeHToK ¢ ymepeHHoM
cteneHbto HV no cpaBHEHWIO C KOHTPO/IbHOW FPYMMOW CTaTUCTUYECKM
3HAUYMMO YBENWUMBACA YroN NPUBEAEHUA B cepeanHe dasbl onopsl
M YMeHbLUaNCcA yron oteefeHna B $asy paHHEro nepeHoca, OfHaKo
no BTOPOMY MUKy NpuBeaeHus B a3y cpefHero nepeHoca oTInumna
OT KOHTPOJ/IbHOM FPyMMbl Y HUX Bblan He 3HauMMBbI. MpumeyaTensHo,
YTO rpyNMbl NALMEHTOK C YMEPEHHOW U TaxKEnol cteneHamm HV cTa-
TUCTUYECKM 3HAYMMO Pa3/INYaINCh He TObKO MO YMEHbLLEHWMIO Yrna
oTBeAeHUA B hasy paHHero npenepeHoca, Ho M Mo YBEIMYEHUIO yrna
npviBeseHVA B cepeauHe Gasbl ONOpbl, OAHAKO PA3ANUMA MO BTOPOMY
NMUKOBOMY 3HaUYEHWMI0 NpuBeAeHUA B dasy CpesHero nepeHoca mexay
HUMM BbINM CTATUCTUYECKU HE 3HAUUMBIMMU.

OfHUM 13 HepelLéHHbIX BONPOCOB ocTaéTca cBasb HV ¢ pa3su-
Tem octeoapTpo3a ThC. B imtepatype HET 0AHO3HAYHOTO MHEHUA MO
JaHHOMYy Bonpocy. Paa aBTopoBs cuumTaert, 4to HV nposouupyeT pa3su-
TWe 0CTe0apTPO3a MPOKCMMA/IbHBIX CYCTAaBOB HUMKHEN KOHEYHOCTH, a
[pyrve —4To OH He NMOBbILIAET PUCKA Pa3BUTUA AaHHOIO 3aboneBaHNs
[13, 15]. BeposATHO, OAHOM M3 MPUYMH 3TOrO NPOTUBOPEYUA ABNAETCA
TO 06CTOATENBCTBO, YTO HO/BLIMHCTBO UCCNEA0BaHMI NPOBOAMIOCH
Ha Masom KonnyecTse nauueHToB 6e3 yyérta creneHn HV. Hegocta-
TOYHOE KO/IMYECTBO HAbAOAEHMI MOKET 0ObACHWUTL HaAMYMe Heod-
HO3HauYHOW MHbOPMaLLMK No KnHemaTuke TBC npu HV.

Tak, npu 0bcnenoBaHnM 13 KeHLWMH noxuaoro sospacta ¢ HV
YMepeHHOM U TAXKENON cTeneHel, 0bHapyKeHO yBeNWYeHne anana-
30Ha ABuKeHuii B TEC B carnTTasbHOM NAOCKOCTU MO CPABHEHMIO C

differences between patients with moderate HV and both the
control group and the severe HV group did not reach the level of
significance.

DiscusSION

Gait allows evaluation of joint mobility and range of mo-
tion [20]. HV is not an isolated problem of the hallux or even of
the entire foot and its joints. Previous studies have shown that it
provokes changes across the whole of the lower limb kinemat-
ic chain, including the pelvis and proximal joints (knee and hip),
causing redundancy or insufficiency of specific movements in
them, and also affecting the functional state of the pelvis and
lumbar spine of the patient [16-18].

The present study demonstrated that, along with the well-
known influence of HV on gait and lower limb distal joints, there
are also impairments of hip joint kinematics, which depend on
the severity of HV. Thus, in patients with severe HV compared
not only with the control group but also with moderate HV pa-
tients, there was a significant increase in the hip flexion angle at
the beginning of the gait cycle, as well as a significant decrease
in the extension angle in the pre-swing phase, when in most of
them the hip did not achieve extension, remaining in flexion
throughout the GC. At the same time, in patients with moderate
HV, there was a significant increase in the hip flexion angle at the
beginning of the GC and a decrease in the extension angle in the
pre-swing phase compared to the control group. In contrast, the
increase in flexion angle at the end of the swing phase compared
to the control group was not significant.

Impairments of HJ movements around the sagittal axis in
patients with HV were also mediated by the severity of the dis-
ease. In patients with severe HV, there was a significant increase
in the adduction angle in mid-stance and mid-swing, as well as a
decrease in the abduction angle in the early swing phase, com-
pared with both the control group and the moderate HV group.
Moreover, in most patients with severe HV, abduction was not
achieved, and the hip remained in a neutral or adduction position
across the GC. In patients with moderate HV compared with the
control group, there was a significant increase in the adduction
angle in mid-stance and a decrease in the abduction angle in the
early swing phase; however, for the second adduction peak in the
mid-swing phase, the differences from the control group were
not significant. It is noteworthy that groups of patients with mod-
erate and severe HV significantly differed not only in the decrease
of the abduction angle in the early pre-swing phase but also in
the increase of the adduction angle in mid-stance; in contrast,
there were no significant differences in the second adduction
peak during the mid-swing phase between them.

The relationship between HV and the development of HJ
osteoarthritis remains the unresolved issues. The literature does
not provide a unanimous opinion on this matter. Some authors
believe that HV provokes the development of osteoarthritis in
the proximal joints of the lower limb, while others consider that
it does not increase the risk of this disporder [13, 15]. One of the
reasons for this contradiction is likely that most studies were con-
ducted on a small number of patients without considering the se-
verity of HV. An insufficient number of observations may explain
the presence of inconsistent information on HJ kinematics in HV.

Thus, in one study examination of 13 elderly female patients
with moderate and severe HV showed an increase in the range of
HJ motion in the sagittal plane compared with 13 control subjects
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13 KOHTPO/IbHBIMK Habatogaembimu [17], a B Apyrom UccnegoBaHuu,
npuv aHanuse kuHematvkm TBC y 10 naumeHToB ¢ HV He obHapye-
HO CTaTUCTUYECKM 3HAUYMMbIX M3MEHEHWI YIN0BbIX 3Ha4YeHui TEC npu
xoZbbe Mo cpaBHEHMIO C KOHTPObHOW rpynnon [21].

M3yyeHo BAWSHWME XMPYpruyeckoro seveHns (octeotomum |
natocHeBOM Koct) y 11 maumeHToKk ¢ HV, y KoTopbix 06Hapy»KeHo
nocTonepaLmnoHHOe YMeHbLUEHWE yria npusegenus [18], npu atom
aBTOPbI YKa3bIBAlOT Ha Masioe YMCNO CBOMX HABAOAEHMI, KaK BEPO-
ATHYIO NMPUYUHY HEBO3MOMKHOCTM OBHAPYKEHUA M3MEHEHWUI B KUHE-
MaTuKe auxKeHul B TBC B carntTasbHOM nnockoctv. Hawe nccneno-
BaHWe, BKAoYatoLee 32 naumeHToK ¢ HV, pa3genéHHbix Ha rpynnbl ¢
YMEPEHHOM U TAXKENOW CTENEHAMM BanbrycHOM AedopmaLiMu, Noka-
3a/10, YTO MMEHHO Y NMaLMeHTOK C TAXKENo cteneHbto HV nmeet mecto
rnyboKoe HapyLieHe KUHeMaTUKKM agukeHuii TEC B pasHbIX NAOCKO-
CTAX NPAKTUYECKM HA BCEM NpoTaxKkeHun LiLLI, 4yTo HeobxoaMMO yunTbI-
BaTb NPU BbI6OPE METOA0B SIeYEHMA U NPODUNAKTUKMN OCIOKHEHWI U
PeLuaMBOB BanbrycHoi aedopmaLimMm cTonbl.

OrpaHuyeHuns uccnepoBaHuaA. B Hawem nccaefoBaHUM OTCyT-
CTBYET KMHETUYECKUI aHanM3, NPUBOAATCA Wb AaHHble MO KUHe-
matmke TBC. XoTA y BCeX BKAIOYEHHbIX B UCCNEA0BaHME MaLMEHTOK
MMEeNoCb MOPaKEHWe NIeBOM CTOMbI, Y YacTU M3 HWUX He OblNo Banb-
rycHoi gedopmaLn NpaBoi CTOMbI, YTO MOT/IO OKa3blBaTb BAUAHME
Ha KMHemMaTuKy KoHTpnatepanbHoro TEC. lNpu sTom Mbl yyuTbiBaNu
[JaHHble [16] o Tom, YTo Nocse onepaTmBHoro feveHns HV nsmene-
HUI KMHEMATMKM CYyCTaBOB HEMpOOnepuMpoBaHHON KOHEYHOCTU He
Habnoaanoch.

3AKNIOYEHUE

MonyyeHHble gaHHble O BAUAHMM cTeneHn HV Ha KMHemaTtuky
TBC npu HV pacumpatoT noHUMaHue ryouHbl U3MEHEHWI, Npouc-
XOAALLMX BO BCEM KUHEMATMUYECKON LIENOYKE HUMKHEN KOHEYHOCTH, U
NO3BONIAIOT UHAMBUAYANN3NPOBATL NOAXOAbI K IEYEHUIO, HaMNpPaBAeH-
HOrO He TOMIbKO Ha YCTPAaHEHWE CMMMTOMOB, HO M NPefOoTBPaLLeHne
peuunamsos 3abonesaHua.

[17], whereas in another study, analysis of data on 10 patients
with HV, did not reveal significant changes in HJ angular values
during walking compared with the control group [21].

A study of 11 patients undergoing surgical treatment (first
metatarsal osteotomy) showed a decrease in the HJ adduction
angle. However, the authors attribute the lack of changes in HJ
kinematics in the sagittal plane to the small number of observa-
tions [18]. Our study, which included 32 patients with HV, divided
into groups with moderate and severe deformity, showed that it
is in patients with severe HV that profound impairments of HJ ki-
nematics occur in different planes almost throughout the entire
GC, which must be taken into account when choosing treatment
methods and in preventing complications and recurrences of hal-
lux valgus deformity.

Limitations of the study. Our study did not include kinetic
analysis; only kinematic data of the HJ are presented in this pa-
per. Although all included patients had involvement of the left
foot, some of them did not have hallux valgus deformity of the
right foot, which could have influenced the kinematics of the con-
tralateral hip joint. At the same time, we took into account the
data according to which changes in the joint kinematics in the
non-operated limb after surgical treatment of HV in the contralat-
eral limb, were not observed [16].

CONCLUSION

The obtained data on the effect of HV severity on HJ biome-
chanics in HV expand the understanding of the extent of changes
occurring in the entire kinematic chain of the lower limb and al-
low for the individualization of treatment approaches aimed not
only at eliminating symptoms but also at preventing recurrence
of the disease.
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