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EFFECTS OF HIGH HEELS ON CENTRE OF PRESSURE PROGRESSION DURING WALKING IN YOUNG WOMEN

ABSTRACT. The purpose of this study was to discuss the differences in centre of pressure (COP) spatio-temporal progression during walking between barefoot
condition and wearing high heels condition. The data were collected from 35 young women by a combined Footscan® system. The mean COP path, the
displacement and phase of COP, the relationship of the peak medial-lateral displacement with time and the plantar pressure of five plantar regions were calculated
in both barefoot and wearing high heels condition. The mean COP path from 160 mm to the end in the y-axis direction turned to the lateral again when walking in
high heels, but the mean COP path kept shifting to the medial of the foot with an increasing speed when walking barefoot. Compared to walking barefoot, the
percentage time of the initial contact phase and the foot flat phase significantly increased in wearing high heels condition. The maximum medial-lateral
displacement of the COP and the maximum medial-lateral displacement of the forefoot COP were significantly greater in barefoot condition than wearing high
heels, but the maximum anterior-posterior displacement of the COP showed a contrary consequence (p = 0.000; 0.000; 0.000, respectively). An eccentric second
lateral shift occurred in forefoot push-off phase indicated a lateral deformation of hallux during walking in high heels. An increased plantar pressure under heel
region suggested that the impact from ground reaction force was associated with heel types.
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INFLUENTA PANTOFILOR CU TOC INALT ASUPRA PROGRESIEI CENTRULUI DE PRESIUNE IN TIMPUL MERSULUI LA FEMEILE TINERE

REZUMAT. Scopul acestui studiu a fost de a discuta diferentele de progresie spatio-temporala a centrului de presiune (COP) in timpul mersului descult si cu tocuri
nalte. S-au colectat date de la 35 de femei tinere utilizand un sistem combinat Footscan®. S-au calculat traiectoria medie a COP, deplasarea si faza COP, relatia dintre
deplasarea medio-laterald maxima si timp si presiunea plantara in cinci regiuni, atat in cazul mersului descult, cat si Tn cazul purtdrii unor pantofi cu toc Tnalt.
Traiectoria medie a COP de la 160 mm pana la capat in directia y a axei s-a deplasat lateral din nou in cazul mersului cu tocuriinalte, insd traiectoria medie a COP s-a
tot deplasat spre centrul piciorului, cu o viteza crescanda in cazul mersului descult. Comparativ cu mersul descult, procentul temporal al fazei de contact initial si al
fazei de contact total a crescut semnificativ la purtarea pantofilor. Deplasarea medio-laterald maxima a COP si deplasarea medio-laterald maxima a COP al
antepiciorului au fost semnificativ mai mariin cazul mersului descult decat al celui cu tocuriinalte, insa deplasarea antero-posterioard maxima a COP s-a manifestat
insensopus (p = 0,000; 0,000; respectiv 0,000). O a doua deplasare laterala excentrica a avut locin faza de propulsie a antepiciorului si a indicat o deformare laterala
a halucelui in timpul mersului cu tocuri inalte. Presiunea plantard ridicata in regiunea calcaiului a sugerat ca impactul fortei de reactie a solului este asociat cu tipul
detoc.

CUVINTE CHEIE: centru de presiune, tocuri, mers, presiune plantara, faza

LES EFFETS DE TALONS HAUTS SUR LA PROGRESSION DU CENTRE DE PRESSION LORS DE LA DEMARCHE CHEZ LES JEUNES FEMMES

RESUME. Le but de cette étude a été d'examiner les différences dans la progression spatio-temporelle du centre de pression (CdP) lors de la démarche pieds nus et
en talons hauts. Les données ont été recueillies f partir de 35 jeunes femmes par un syst¢me Footscan® combiné. On a calculé la trajectoire moyenne du CdP, le
déplacement et la phase du CdP, la relation entre le déplacement médio-latéral maximal avec le temps et la pression plantaire de cing régions plantaires pour la
situation de la démarche pieds nus et en talons hauts. La trajectoire moyenne du CdP f partir de 160 mm jusqu'f la fin dans la direction y de I'axe a été déplacée
latéralement de nouveau lors de la démarche en talons hauts, mais la trajectoire moyenne du CdP a été déplacée vers le centre du pied avec une vitesse croissante
en marchant pieds nus. Comparé f la démarche pieds nus, le pourcentage de temps de la phase de contact initial et de la phase de contact total a augmenté
significativement dans la démarche entalons hauts. Le déplacement médio-latéral maximal du CdP et le déplacement médio-latéral maximal du CdP de I'avant-pied
ont été significativement plus élevés dans la démarche pieds nus qu'en portant des talons hauts, mais le déplacement antéro-postérieur maximal du CdP s'est
manifesté au contraire (p =0,000; 0,000; respectivement 0,000). Un second déplacement latéral excentrique a eu lieu dans la phase de propulsion de I'avant-pied et
aindiqué une déformation latérale de I'hallux lors de la démarche en talons hauts. La pression plantaire élevée dans la région du talon a suggéré que I'impact de la
force de réaction du sol a été associé au type de talon.

MOTS CLES: centre de pression, talons hauts, démarche, pression plantaire, phase
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INTRODUCTION

High heels fashion emerged during the reign of
Louis XIV of France. At that time, high heels were
popular among men and women alike. Nowadays,
high heels are associated with women exclusively.
Helen Branthwaite et al. [1] investigated the choices
about footwear made by inly use high heels to
enhance their sexuality and self-image. Women in
high heels take more frequent and smaller steps, have
less knee bend and greater hip rotation, which makes
them look more attractive [2]. However, there is a
great deal of research showing that high heels are
responsible for hallux valgus deformity, plantar
calluses, decreasing venous function in the lower
limbs, et al. [3-5]. The rearfoot angle is significantly
varus after wearing high-heeled shoes, and wearing
high heels for a long time may trigger changes in the
plantararch [6].

Recent studies have shown that the plantar
pressure shifted from the midfoot and heel to the
medial forefoot as the heel heightincreased [7-13]. The
reduced walking speed and the transfer of the body
weight were associated with reduced base of support
while women wore high heels [13]. In addition to
plantar pressure, wearing high heels also has effects on
lower limbs. Previous studies have revealed that force
across the patellofemoral joint and compressive force
on the medial compartment of the knee increased
when walking in high heels [14]. Wearing high heels
changes the orientation of the legs with changing the
ankle and knee [15].

Although many research studies proved that
high heels have effects on foot and lower limb, few
studies have compared the differences in the center
of pressure (COP) progression between walking
barefoot and walking in high heels. Most studies have
focused on the kinetics and kinematics of the lower
limbs and the greater pressure in medial forefoot with
increasing heel height. Footwear has a great influence
on natural foot condition [16]. There is more eversion
of forefoot in barefoot locomotion, and more
inversion while shod [17]. It is important to discuss
the differences women, and suggested that women

INTRODUCERE

Tocurile inalte au aparut in timpul domniei lui Ludovic
al XIV-lea al Frantei. La acea vreme, tocurile inalte erau
populare deopotrivé in randul barbatilor si al femeilor. n
prezent, tocurile Tnalte sunt in mod exclusiv asociate cu
femeile. Helen Branthwaite si colab. [1] au investigat
alegerile femeilor referitoare la incaltaminte si au sugerat ca
femeile folosesc tocurile inalte in principal pentru a-si
amplifica sexualitatea si imaginea de sine. Femeile care
poarta tocuri inalte fac pasi mai mici si mai desi, genunchiul
seindoaie mai putin si rotatia soldului este maimare, ceea ce
face ca femeile sa arate mai atractiv [2]. Cu toate acestea,
existda multe studii care arata ca tocurile nalte sunt
responsabile pentru deformarile de tip hallux valgus,
bataturile plantare, scaderea functiei venoase la nivelul
membrelor inferioare si altele [3-5]. Dupa purtarea
pantofilor cu toc Tnalt, unghiul retropiciorului este vizibil in
pozitie varus, purtarea indelungata a pantofilor cu toc inalt
putand declansa modificariale boltii plantare [6].

Studii recente au aratat ca presiunea plantara se
deplaseaza de la zona mediana si calcai la antepicior pe
masura ce creste Thaltimea tocului [7-13]. Viteza de mers
redusa si transferul greutatii corporale au fost asociate cu
baza de sprijin redusa la femeile care poarta pantofi cu
toc Tnalt [13]. Pe langd presiunea plantara, purtarea
pantofilor cu toc fnalt influenteaza si membrele
inferioare. Studiile anterioare au relevat faptul ca forta
din zona fincheieturii patelofemurale si forta de
compresie asupra compartimentului central al
genunchiului au crescut Tn timpul mersului cu pantofi cu
toc finalt [14]. Purtarea pantofilor cu toc schimba
orientarea picioarelor, modificand pozitia gleznei si a
genunchiului[15].

Cu toate ca multe studii de cercetare au
demonstrat ca tocurile inalte influenteaza laba
piciorului si membrele inferioare, putine studii au
comparat diferentele privind progresia centrului de
presiune (COP) in timpul mersului descult si cu tocuri
inalte. Cele mai multe studii s-au concentrat asupra
cineticii si cinematicii membrelor inferioare si presiunii
mai mari din zona centrald a antepiciorului odata cu
cresterea indltimii tocului. Tncdltdmintea influenteazd
semnificativ starea naturala a piciorului [16].
Antepiciorul prezintd o eversie mai mare in timpul
mersului descult si o inversie mai mare in timpul
mersului cu pantofi [17]. Este important sa se discute
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mabetween barefoot and shod during walking deeply,
especially when considering that the most natural
state of foot is barefoot.

The spatial and temporal parameters of COP
describe the sequenced contact coordinates and times
of plantar pressure regions in the foot roll-over during
walking, and they are recognized in their reliability to
assess the motor pathologies [18]. The purpose of this
study was to compare the differences in gait during
walking between barefoot condition and wearing high
heels condition in depth, by means of investigating the
effects of high heels on COP spatio-temporal
progression and plantar pressure, which may have an
important reference value for more comfortable high
heels design.

METHODS

Subjects

A subject was considered valid when the following
inclusion criteria were met: (i) had a prior experience
wearing high heels, (ii) had a normal arch based on
assessment of plantar pressure footprint, (iii) had a
standard foot type which is neither fat nor thin based
on estimate of a 3-D scanning foot type, (iv) wearing
shoe size Euro 37, and (v) had no history of lower
extremity injury or foot pain in the past 3 years. Thirty-
five women whose ages were between 21-35 were
recruited in this study. The average age of these
subjects was 2513 vyears, the average height was
161.84£3.4 cm, and average weight was 52.3+3.9 kg. All
subjects had read and signed an informed consent prior
totesting.

Data Collection

A 1 m Footscan® plantar pressure plate (Rsscan
international, Belgium, 1068x418x12 mm, 250 Hz)
was placed on top of a 1 m Footscan® force platform
(Rsscan international, Belgium, 1068x418x180 mm,
250 Hz), flush and in the middle of an 8 m long
walkway, used to record the data of COP spatio-
temporal progression in overall foot and plantar
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diferentele intre mersul cu picioarele goale si cel cu
pantofi, avand in vedere ca piciorul se afla in stare
naturald atuncicand este desculf.

Parametrii spatiali si temporali ai COP descriu
secventa de coordonate si timpi de contact in regiunile
cu presiune plantard la nivelul piciorului in timpul
mersului, recunoscandu-se fiabilitatea acestora la
evaluarea patologiilor motorii [18]. Scopul acestui
studiu a fost acela de a compara diferentele aparute in
timpul mersului descult fatd de mersul cu tocuri Tnalte,
prin intermediul investigarii efectelor pantofilor cu toc
fnalt asupra progresiei spatio-temporale a COP si
presiunii plantare, putand constitui o referinta
semnificativa pentru proiectarea unor pantofi cu toc
inalt mai confortabili.

METODE

Subiecti

Unsubiect a fost considerat valabil atunci cand au fost
indeplinite urmdtoarele criterii de includere: (i) experienta
prealabild n purtarea pantofilor cu toc, (ii) bolta piciorului
normala, pe baza evaludrii amprentei plantare, (iii) tip de
picior normal, nici prea gros, nici prea subtire, pe baza
estimarilor unui picior scanat 3D, (iv) masura pantofului 37
n sistem european si (v) lipsa antecedentelor de leziuni la
extremitatile inferioare sau adurerilor de picioare in ultimii
3 ani. in acest studiu au fost recrutate treizeci si cinci de
femei ale caror varste au fost cuprinse intre 21 si 35 de ani.
Varsta medie a acestor subiecti a fost de 25+3 ani,
indltimea medie a fost de 161,8+3,4 cm, iar greutatea
medie a fost de 52,3+3,9 kg. Toti subiectii au citit si au
semnatunacord de consimtamantinainte de testare.

Colectarea datelor

O platforma Footscan® (Rsscan International,
Belgia, 1068x418x12 mm, 250 Hz) de 1 m pentru
masurarea presiunii plantare a fost plasata deasupra
unei platforme de forta Footscan® (Rsscan International,
Belgia, 1068x418x180 mm, 250 Hz) de 1 m, in mijlocul
unei pasarele de 8 m lungime, si a fost utilizata pentru a
inregistra datele privind progresia spatio-temporala a
COP pentru piciorul intreg si presiunea plantarainfiecare
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pressure in each region. This set-up was used to

achieve a real-time calibration to the pressure plate
(sum of force of the plate = the vertical component
of ground reaction force of platform) (Figure 1).

r

[‘*
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regiune. Acest sistem a fost folosit pentru a realiza o
calibrare in timp real a platformei de presiune (suma
fortelor platformei = componenta verticala a fortei de
reactie a soluluia platformei) (Figura 1).

P m—

Figure 1. 1m Footscan® plantar pressure plate
Figura 1. Platforma Footscan® de 1 m pentru madsurarea presiunii plantare

Subjects had a familiarization time prior to test.
Subjects were asked to walk along the 8 m walkway at a
self-selected speed and cadence for both conditions.
Subjects were asked to complete five acceptable trails
in each of the two conditions: barefoot and wearing
high heels. An acceptable trail was defined as a trail in
which the subject walked through the walkway
naturally and bilateral plantar pressure data was
collected.

According to the Scientific Footscan software
(Rsscan international, Belgium), the plantar pressure
footprint was divided into five anatomic regions: toe
(T), medial metatarsal (MM), lateral metatarsal (LM),
midfoot (MF) and heel (H) for each trail. The COP
spatio-temporal progression includes the spatial and
temporal parameters of COP, i.e. the displacement
and phase of COP. In the coordinates of COP, the y-axis
was defined as the line from the middle heel to the
toe, over the second metatarsal. The x-axis was
perpendicular to the y-axis. The forward direction
from heel was defined as the positive direction of y-
axis, and the lateral of foot was defined as the positive
direction of x-axis. The temporal parameters related
to foot contact were initial foot contact (IFC), initial
metatarsal contact (IMC), initial forefoot flat contact
(IFFC), heel off (HO) and last foot contact (LFC), which
divided stance phase into four time phases: the initial
contact phase (ICP), the forefoot contact phase

Subiectilor li s-a acordat un timp de familiarizare
fnainte de testare. Acestia au fost rugati sd mearga de-a
lungul pasarelei de 8 m, cu o viteza si cadenta la alegere
in ambele situatii. Subiectii au fost rugati sa finalizeze
cinci trasee acceptabile in fiecare dintre cele doua
situatii: descult si purtand tocuri Tnalte. Un traseu
acceptabil a fost definit ca un traseu in care subiectul a
pasit in mod firesc pe pasareld si s-au putut colecta
datele presiunii plantare bilaterale.

Conform programului Footscan (Rsscan
International, Belgia), amprenta plantara a fost impartita
in cinci regiuni anatomice: degete (T), metatarsian
median (MM), metatarsian lateral (LM), zona centrala
(MF) si calcai (H) pentru fiecare traseu. Progresia spatio-
temporala a COP include parametrii spatiali si temporali
ai COP, adic& deplasarea si faza COP. in coordonatele COP,
axay afost definita calinia de la mijlocul calcaiului panala
degete, peste al doilea metatarsian. Axa x a fost
perpendiculara pe axa y. Directia pornind de la calcai
spre degete a fost definita ca directie pozitiva a axei y,
iar laterala piciorului a fost definita ca directie pozitiva a
axei x. Parametrii de timp referitori la contactul
piciorului au fost: contactul initial al piciorului (IFC),
contactul initial al metatarsienelor (IMC), contactul
initial total al antepiciorului (IFFC), desprinderea
calcaiului (HO) si contactul final al piciorului (LFC),
impartind faza de sprijin in patru etape de timp: faza de
contact initial (ICP), faza de contact a antepiciorului
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(FFCP), the foot flat phase (FFP) and the forefoot push
off phase (FFPOP).

Testing Shoes

The shoe was provided by Sheme® brand. The
shoe is a business shoe with pointed toe and 6 cm
height heel, which is constructed with black suede
upper and a leather outsole. The shoe EU size is 37
(Figure 2).

(FFCP), faza de contact total (FFP) si faza de propulsie a
antepiciorului (FFPOP).

Inciltdmintea de testat

Tncaltdmintea de testat a fost furnizatd de marca
Sheme®. Pantofii suntin stil business, cu varful ascutit si
fnaltimea tocului de 6 cm, cu fata din piele velur neagra
si talpa exterioara din piele. Pantoful are masura 37 in
sistem european (Figura 2).

Figure 2. Testing shoes
Figura 2. incdltaminte de testat

Data Analysis

According to the research of Menz et al. [19], only
data from the right foot was analyzed in this study. The
original absolute coordinates were calculated to the
relative x-and y-coordinates by the software of Matlab
version 7.9 (Mathworks Inc.) (cubic spline
interpolation). The average of the relative x- and y-
coordinates of COP during walking was plotted as the
COP path. The maximum medial-lateral displacement
of the COP (MLD) and the maximum anterior-posterior
displacement of the COP (APD) under two different
conditions were calculated respectively, and the
maximum medial-lateral displacement of the forefoot
COP (FMLD) was also derived to compare the
difference of the COP of the push off phase. Four time
phases of the overall foot progression were
represented with a percentage time respectively. The
maximum plantar pressures under each region were
compared in order to understand the differences of the
COP trajectory between barefoot and wearing high
heels during walking. The paired t test was applied to
determine whether any significant differences existed
in the COP spatio-temporal parameters and the plantar
pressure between the two groups. Meanwhile, the
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Analiza datelor

Conform cercetarilor lui Menz si colab. [19], doar
datele de la piciorul drept au fost analizate in acest
studiu. Coordonatele absolute originale au fost
calculate la coordonatele relative x si y cu ajutorul
programului Matlab versiunea 7.9 (Mathworks Inc.)
(interpolare prin functii spline cubice). Media
coordonatelor relative x si y ale COP in timpul mersului
a fost reprezentata grafic ca traiectoria COP. S-au
calculat deplasarea medio-laterala maxima a COP
(MLD) si deplasarea antero-posterioard maxima a COP
(APD) in doua situatii diferite; de asemenea,
deplasarea medio-laterald maxima a COP la antepicior
(FMLD) a fost derivata pentru a compara diferentele
privind COP n faza de propulsie. Patru faze temporale
ale progresiei piciorului in ansamblu au fost
reprezentate in procente. Presiunile plantare maxime
din fiecare regiune au fost comparate pentru a ajuta la
intelegerea diferentelor dintre traiectoria COP la
mersul desculf si cea la mersul cu tocuri inalte. Testul t
pentru esantioane dependente a fost aplicat pentru a
determina daca exista diferente semnificative intre
parametrii spatio-temporali ai COP si presiunea
plantard la cele doua grupe. In acelasi timp, s-a calculat
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relationship of peak displacement in the x direction of
COP and its corresponding time percentage were
calculated. Statistical analysis was completed using the
SPSSversion 17.0 analysis software.

RESULTS

The mean COP path of barefoot and wearing
high heels during walking are shown in Figure 3
respectively.

5

relatia dintre deplasarea maxima in directia x a COP si
procentajul temporal corespunzator. Analiza statisticd a
fost finalizata cu ajutorul programului SPSS versiunea
17.0.

REZULTATE

Traiectoriile medii ale COP pentru mersul
descult si cu tocuri Tnalte sunt prezentate in
Figura 3.
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Figure 3. The mean COP path (left: walking barefoot; right: walking in high heels)
Figura 3. Traiectoria medie a COP (stanga: mers descult; dreapta: mers cu pantofi cu toc Tnalt)

The mean COP path of both barefoot and
wearing high heels showed a medial shift within the
first 9 mm for barefoot and 4 mm for wearing high
heels progressing in the anterior-posterior
direction, followed by a lateral shift until 115 mm of
the y-axis. After that, the COP path shifted medially
again to 160 mm in both conditions. At the last
section of the mean COP path thatis from 160 mm to
the end in the y-axis direction, the mean COP path
turned to the lateral again when walking in high
heels, but the mean COP path kept shifting to the
medial of the foot with an increasing speed when
walking barefoot.

Traiectoria medie a COP pentru ambele situatii a
indicat o deplasare mediana in primii 9 mm pentru
mersul descult si Tn primii 4 mm pentru mersul cu tocuri
inalte, progresandin directia antero-posterioara, urmata
de o deplasare laterala pana la marcajul de 115 mm al
axei y. Dupa aceea, traiectoria COP s-a deplasat median
din nou la 160 mm in ambele situatii. in ultima portiune a
traiectoriei medii a COP, adicd de la 160 mm pana la
sfarsit in directia axei y, traiectoria medie a COP s-a
deplasat lateral din nou la mersul cu tocuri inalte, Tnsa in
situatia mersului descult, traiectoria medie a COP a
continuat sa se deplaseze spre centrul piciorului cu o
viteza crescanda.
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Figure 4. The comparison of four phases for two different conditions
Figura 4. Comparatia a patru faze in doua situatii diferite

Figure 4 illustrates the comparison of four phases
for two different conditions. Compared to barefoot, the
percentage time of the initial contact phase (ICP) and
the foot flat phase (FFP) significantly increased in
wearing condition (p=0.000, 0.000). On the contrary,
the forefoot contact phase (FFCP) and the forefoot
push off phase (FFPOP) demonstrated a decrease in
wearing condition, but no significant difference in the
forefoot contact phase.

Figura 4 prezinta o comparatie a patru faze in doua
situatii diferite. Comparativ cu mersul descult,
procentul temporal al fazei de contact initial (ICP) si al
fazei de contact total (FFP) a crescut semnificativ la
mersul cu pantofi (p = 0,000, 0,000). in contrast, faza de
contact a antepiciorului (FFCP) si cea de propulsie a
antepiciorului (FFPOP) au prezentat o scadere la mersul
cu pantofi, dar nu s-a constatat nicio diferenta
semnificativa in faza de contact a antepiciorului.

Table 1: The displacement of COP path for two different conditions
Tabelul 1: Deplasarea traiectoriei COP in doua situatii diferite

MLD 14.1+3.8

19.7+5.4*

FMLD 8.5+2.7

*:p<0.05

Table 1 shows the maximum medial-lateral
displacement of the COP (MLD), the maximum anterior-
posterior displacement of the COP (APD) and the
maximum medial-lateral displacement of the forefoot
COP (FMLD) of the COP. The maximum medial-lateral
displacement of the COP and the maximum medial-lateral
displacement of the forefoot COP were significantly
greater in barefoot condition than wearing high heels, but
the maximum anterior-posterior displacement of the COP
showed a contrary consequence (p=0.000; 0.000; 0.000
respectively). It is worth noting that the maximum medial-
lateral displacement of the forefoot COP value was much
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18.8+5.7*

Tabelul 1 prezinta deplasarea medio-laterald
maxima a COP (MLD), deplasarea antero-posterioara
maxima a COP (APD) si deplasarea medio-laterala
maxima a COP al antepiciorului (FMLD) fata de COP.
Deplasarea medio-laterald maxima a COP si deplasarea
medio-laterald maxima a COP al antepiciorului au fost
semnificativ mai mari in cazul mersului descult decat al
celui cu tocuri Tnalte, insa deplasarea antero-
posterioara maxima a COP s-a manifestat in sens opus
(p = 0,000; 0,000; respectiv 0,000). Este de remarcat
faptul ca deplasarea medio-laterala maxima a valorii
COP a antepiciorului a fost mult mai apropiata de




M. RAN, F. HAO, L. YANG, S. WU

close to the maximum medial-lateral displacement of the
COP value when walking barefoot, but there was no such
phenomenoninwearing condition.

0 10 20 30 40 50 &0 70 B0
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deplasarea medio-lateralda maxima a valorii COP la
mersul descult, dar nu a existat niciun astfel de
fenomen in cazul mersului cu pantofi.
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Figure 5. The relationship of the peak medial-lateral displacement with time
(left: walking barefoot; right: walking in high heels)
Figura 5. Legatura dintre deplasarea medio-lateralda maxima si timp
(stanga: mers descult; dreapta: mers cu pantofi cu toc Tnalt)

The relationship of the peak medial-lateral
displacement with time was displayed in Figure 5. The
first peak medial shift, first peak lateral shift, and the
second peak medial shift occurred at 3%, 51.5%, 100%
and 2.5%, 31%, 85.5% of totally walking time in
barefoot condition and wearing high heels condition
respectively. Finally, a second lateral shift was
discovered at 85.5% of total time during walking in high
heels.

Relatia dintre deplasarea medio-laterala
maxima si timp a fost prezentata in Figura 5. Prima
deplasare mediala maxima, prima deplasare laterala
maxima, si a doua deplasare mediana maxima au avut
loc la 3%, 51,5%, 100% si respectiv 2,5%, 31%, 85,5%
din timpul total de mers descult si cu tocuri inalte. Tn
cele din urma, a doua deplasare laterald a fost
descoperita la 85,5% din timpul total de mers cu
tocuritnalte.

Table 2: The comparison of maximum plantar pressures for two different conditions
Tabelul 2: Comparatia presiunilor plantare maxime in doua situatii diferite

Toe
Degete

7.3%2.5 4.6£2.1*

Lateral meta
Metatarsian lateral

10.1+4.0 11.5+4.0

Heel
Cadlcai

*:p<0.05

Table 2 listed the maximum plantar pressures
value and standard deviations for the different

19.7+4.7 8.1+2.9*

in Tabelul 2 sunt enumerate valorile maxime ale
presiunilor plantare si abaterile standard pentru diferitele
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regions of the foot in both conditions. The increase in
plantar pressure in the wearing condition was
significant for the toe, the medial metatarsal and the
heel regions (p<0.05). Plantar pressures were lower
for wearing condition under the lateral metatarsal
and the midfoot regions. There was a significant
difference in all these regions except under the lateral
metatarsal (p<0.05).

DISCUSSIONS

In this study, the mean COP path for all subjects
displayed a medial-lateral-medial shift when walking
barefoot, which is similar to previous studies [20-22].
However, the mean COP path showed a medial-
lateral-medial-lateral shift in wearing high heels
condition, which is different from the path in barefoot
condition. The first medial shift of the COP path in
both conditions may reveal the fast initial foot
pronation for loading shock absorption [20]. In the
present study, the first medial shift was
significantly less in high heels condition than in
barefoot condition, which may be caused by the
much narrower and harder contact area under the
heel. In addition, it indicated that walking in high
heels displayed a worse cushion for its shorter
duration of this medial shift (2.5%, Figure 5).
Following the fast initial foot pronation, the
longitudinal arch delivered the body load forward.
The COP path revealed a lateral shift to adapt to a
changing foot structure that was associated with a
rapid ankle plantar flexion during the initial contact
phase and the forefoot contact phase [20, 21].

During the foot flat phase, there was a reversed
shift of COP path in both conditions which shift
toward lateral sequentially firstly, then turn to medial
of foot again. In this phase, the load transferred along
the anterior-posterior direction continuously and
diverted from lateral to medial simultaneously. The
forward shift occurred with the ankle joint
dorsiflexion and heel rise, and foot changed to a rigid
structure [21]. This reversal was earlier than in
previous studies in which the second medial shift
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regiuni ale piciorului in ambele situatii. Cresterea presiunii
plantare in timpul mersului cu pantofi a fost semnificativa
pentru regiunile degetelor, metatarsianului median si
calcaiului (p<0,05). Presiunile plantare au fost mai mici in
cazul mersului cu pantofi in regiunea metatarsianului
lateral si in zona centrald a piciorului. A existat o diferenta
semnificativd in toate aceste regiuni, cu exceptia
metatarsianuluilateral (p<0,05).

DISCUTII

n acest studiu, traiectoria medie a COP pentru toti
subiectii a prezentat o deplasare mediana-laterala-
mediana in cazul mersului descult, similar studiilor
anterioare [20-22]. Cu toate acestea, traiectoria medie
a COP a prezentat o deplasare mediana-laterala-
mediana-laterala in cazul mersului cu tocuri inalte,
diferita de traiectoria pentru mersul descult. Prima
deplasare mediand a traiectoriei COP in ambele situatii ar
putea dezvalui pronatia initiala rapida a piciorului pentru
absorbtia socului [20]. Tn acest studiu, prima deplasare
mediana a fost semnificativ mai mica in cazul mersului cu
tocuriinalte decatin cazul mersului descult, posibil cauzata
de zona de contact mult maiingusta si mai greu de atins de
sub calcai. in plus, studiul indica faptul cd mersul cu tocuri
nalte implicd o amortizare mai slaba pentru durata scurta
a acestei deplasari mediane (2,5%, Figura 5). Dupa
pronatia initiald rapida a piciorului, bolta longitudinala
deplaseaza greutatea corpului inainte. Traiectoria COP a
relevat o deplasare laterala pentru a se adapta la o
structura de schimbare a piciorului care a fost asociata cu o
flexie plantara rapida a gleznei in timpul fazei initiale de
contactsialfazeide contact al antepiciorului[20, 21].

in timpul fazei de contact total, a avut loc o
deplasare inversata a traiectoriei COP in ambele situatii,
mai Tntai lateral secvential, apoi revenind spre centrul
piciorului. Tn aceastd faza, sarcina este transferatd in
directia antero-posterioara in mod continuu si se
deplaseaza de la lateral la median simultan. Deplasarea
fnainte a avut loc cu flexiunea dorsala a incheieturii
gleznei si ridicarea calcaiului, iar piciorul a capatat o
structura rigida [21]. Aceasta inversare a avut loc mai
devreme comparativ cu studiile anterioare, in care a
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occurred during the forefoot push off phase [20]. The
above difference may be due to the differences in
speed and gender.

A flexible foot was required to accommodate
the variations in the external condition. A semirigid
foot can act as a spring and lever arm for foot push
off during walking [23]. With the heel lifting, the
forefoot pushed off. During forefoot push off phase,
the COP path revealed an obvious medial shift
through the metatarsals and hallux when walking
barefoot. Although the COP path of walking in high
heels also displayed an observable medial shift
during forefoot push off phase, it is worth noting
that a lateral shift was revealed after the medial shift
and ended at the tip of high heeled shoes. It was
determined by the structure of high heels in which
the tip of the shoes is the last contact region. In
addition, it may be another reason of the lateral shift
of the COP path that the toes deformation in high
heeled shoes caused the lateral deformation of the
hallux. A biomechanical simulation of high heeled
shoes based on finite element analysis was
established by Jia Yu et al. [24], who pointed out
that the maximum valgus angle of the first
metatarsophalangeal joint can increase by 51%
during walkingin high heels.

In this study, the durations of the initial contact
phase, the forefoot contact phase, the foot flat phase
and the forefoot push off phase were 6.4%, 8.5%,
47.2%, 37.9% and 9.9%, 6.3%, 58.6%, 25.3% of total
walking time in barefoot condition and wearing high
heels condition, respectively. These differences may
be caused by the unique structure of high heels. During
walking in high heels, the gait is not a continuous roll
over for the middle of the sole not contacting with
ground. This discontinuous contact of high heels led an
increased time from initial foot contact to initial
metatarsal contact. The less duration of the forefoot
contact phase indicated that the foot in high heels as a
more rigid whole displayed a less plantar flexion
movement to prevent the foot from dropping down to
the foot flat position [23]. At the foot flat position, the
lower limb starts to rotate externally, and the rotation
of the ankle mortise is transmitted to the talus [25]. The

doua deplasare mediana a avut loc in timpul fazei de
propulsie a antepiciorului [20]. Diferenta de mai sus se
poate datora diferentelor de viteza si sex.

Afost necesar un picior flexibil pentru a se adaptala
variatiile conditiilor externe. Un picior semirigid poate
actiona ca un mecanism cu arc si parghie pentru a
propulsa piciorul in timpul mersului [23]. Antepiciorul a
fost propulsat odatd cu ridicarea calcaiului. In timpul fazei
de propulsie a antepiciorului, traiectoria COP a relevat o
deplasare mediana evidenta in zona metatarsiana si a
halucelui, in timpul mersului descult. Desi traiectoria
COP in cazul mersului cu tocuri Tnalte a prezentat, de
asemenea, o deplasare mediala vizibila in timpul fazei de
propulsie a antepiciorului, este de remarcat faptul ca o
deplasare laterala a urmat celei mediane sis-aincheiat la
varful pantofilor cu toc. Aceasta a fost determinata de
structura tocurilor, varful pantofilor fiind ultima zona de
contact. In plus, poate fi un alt motiv al deplasérii laterale
a traiectoriei COP pentru care deformarea degetelor la
purtarea pantofilor cu toc cauzeaza deformarea
laterald a halucelui. O simulare biomecanica a mersului
cu pantofi cu toc, bazata pe analiza cu elemente finite a
fost efectuata de Jia Yu si colab. [24], care au subliniat
faptul ca unghiul valgus maxim al primei articulatii
metatarsofalangiene poate creste cu 51% in timpul
mersuluicu tocuriinalte.

nacest studiu, duratele fazei initiale de contact, fazei
de contact a antepiciorului, fazei de contact total si fazei de
propulsie a antepiciorului au fost de 6,4%, 8,5%, 47,2%,
37,9% si respectiv 9,9%, 6,3%, 58,6%, 25,3% din timpul
total de mers descult, respectiv cu tocuri. Aceste diferente
pot fi cauzate de structura unicd a tocurilor inalte. n timpul
mersului cu tocuri Tnalte, mersul nu se desfdsoara
continuu, intrucat mijlocul talpii nuintrain contact cu solul.
Acest contact discontinuu Tn mersul cu tocuri inalte a
condus la o crestere a timpului de la contactul initial al
piciorului la contactul initial al zonei metatarsienelor.
Durata mai mica a fazei de contact al antepiciorului a
indicat ca piciorul pe tocuri, fiind mai rigid, a prezentat o
miscare de flexie plantara mai restransa pentru a preveni
coborarea piciorului in pozitia de contact total [23]. Tn
pozitia de contact total, membrul inferior incepe sa se
roteasca in exterior, iar miscarea de rotatie a scobiturii
gleznei este transmisa la talus [25]. Instabilitatea tocurilor
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instability of high heels led to a longer duration of the
foot flat phase for producing increased stability at the
tarsal joint and along the longitudinal arch of the foot.
After heel off, the ankle moves back into plantar flexion.
Just before the last foot contact, the foot is in a
maximally stable position for pushing off, then the leg
rotates medially and the foot returns to flexible for the
following swing phase [26]. The elevated heel was
designed in high heels which bent the ankle into a
certain angle in which the foot was placed in a more
plantar-flexed position as heel height increased [27].
The reduced ankle dorsiflexion may be due to the less
duration of the forefoot push off phase during walking
in high heels. The maximum dorsiflexion of ankle
became less dorsiflexed as heel height increased, and
the ankle never attained a dorsiflexed position at 7.62
cm heel height [28].

A survey was investigated by Hylton B. Menz et al.
[5] indicated that most women wore outdoor shoes
narrower than their feet. The narrower shoe may be
one reason of the less medial-lateral displacement
of the COP path in wearing high heels condition.
Besides that, the second lateral shift occurred in the
forefoot push off phase also contributed to the
decrease of the maximum medial-lateral
displacement of the COP and the maximum medial-
lateral displacement of the forefoot COP during
walking in high heels. The greater the maximum
anterior-posterior displacement of the COP of the
COP path of wearing high heels may be caused by
longer sole design of high heels.

The peak point of the medial-lateral
displacement of the COP path, which is the turning
point of the COPx. The first peak medial displacement
both of two conditions occurred in the initial contact
phase. The earlier first peak medial displacement
moment of high heels condition indicated a shorten
time of foot pronation. The first peak lateral
displacement occurred in the foot flat phase in both
of barefoot and high heels condition. The earlier first
peak lateral displacement moment of high heels
suggested that the plantar pressure was transmitted
from lateral to medial earlier. During walking
barefoot, the second peak medial displacement is the
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nalte a condus la o durata mai mare a fazei de contact total
pentru a produce o stabilitate crescutda la nivelul
articulatiei tarsiene si de-a lungul boltii longitudinale a
piciorului. Dupa desprinderea calcaiului, glezna revine in
flexie plantara. Chiar finainte de ultimul contact al
piciorului, acesta se afla intr-o pozitie de maxima
stabilitate pentru propulsie, apoi se roteste median si laba
piciorului revine in pozitie flexibila pentru urmatoarea faza
de balans [26]. Pantofii cu toc au fost proiectati cu calcaiul
ridicat, care indoaie glezna intr-un anumit unghi, flexia
plantara a piciorului accentuandu-se pe masura ce creste
indltimea tocului [27]. Flexia dorsala redusa a gleznei se
poate datora duratei mai mici a fazei de propulsie a
antepiciorului in timpul mersului cu tocuri inalte. Flexia
dorsald maxima a gleznei s-a redus pe masura ce a crescut
inaltimea tocului, iar glezna nu a atins o pozitie de flexie
dorsala latnaltimeatoculuide 7,62 cm [28].

Hylton B. Menz si colab. [5] au efectuat un studiu
care a aratat ca cele mai multe femei poarta pantofi mai
Tngusti decéat picioarele lor. Pantoful Thgust poate fi un
motiv pentru o deplasare medio-laterala mai mica a
traiectoriei COP la purtarea tocurilor nalte. Tn plus,
cea de a doua deplasare laterala a avut loc in faza de
propulsie a antepiciorului, contribuind, de asemenea,
la scaderea deplasarii medio-laterale maxime a COP si
a deplasarii medio-laterale maxime a COP al
antepiciorului in timpul mersului cu pantofi cu tocuri.
Deplasarea antero-posterioara maxima semnificativa
a COP a traiectoriei COP la purtarea tocurilor Tnalte
poate fi cauzata de proiectarea talpii mai lungi a
pantofilor cutocuriinalte.

Punctul maxim al deplasarii medio-laterale a
traiectoriei COP este punctul de cotitura al COPx. Prima
deplasare mediana maxima in ambele conditii a avut
loc in faza de contact initial. Deplasarea mediana
maxima anterioara in cazul mersului cu tocuri inalte a
indicat un timp redus al pronatiei piciorului. Prima
deplasare lateralda maxima a avut loc in faza de contact
total al piciorului atat la mersul descult, cat si la mersul
cu tocuriinalte. Deplasarea laterala maxima anterioara
in cazul mersului cu tocuri inalte a sugerat ca presiunea
plantard a fost transmisa anterior de la lateral la
median. Tn cazul mersului descult, a doua deplasare
mediand maxima are loc la punctul terminal al
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terminal point of the gait. Generally, the foot push-off
pattern was found first over 4" metatarsal, 3"
metatarsal, 1" metatarsal and finally over the hallux
just similar to this study [20, 29]. However, the second
peak medial displacement occurred at 85.5% of total
stance phase, and it turned to lateral. This reverse was
due to the hallux valgus deformation when walking in
high heels.

In high heels, the peak plantar pressure
shifted toward the medial forefoot and hallux has
been provided by previous studies [9, 11, 28].
High heels increased the load under medial
forefoot and hallux, but relieved it under the heel
region [10]. In this study, the maximum plantar
pressure was increased in toe and medial
metatarsal regions in accordance with previous
studies during walking in high heels. There was no
plantar pressure in midfoot region, because there
was no contact with ground under the midfoot
region of high heels. Conversely, high heels
increased the maximum plantar pressure under
heel region in this study, which was caused by a
significantly smaller contact area in the high thin
heels.

CONCLUSIONS

Walking in high heels displayed a significantly
different COP spatio-temporal progression, which
may be one of the chief culprits of the health
problems for wearing high heels. In addition, even if
the heel height increased, a high thin heel will also
cause a significantly greater plantar pressure. It is
necessary to gain an insight into high heels gait for
improving high heels comfort and providing more
advice for better health control. However, a
distinction between different heel heights and
different heel types should be discussed in future
research.

mersului. In general, s-a constatat un tipar de propulsie a
piciorului pornind de laal patrulea metatarsian, urmat de
al treilea metatarsian, primul metatarsian si in final de
haluce, in mod similar altor studii [20, 29]. Cu toate
acestea, ceade adouadeplasare mediana maximaaavut
locla 85,5% din faza de echilibru total, devenind laterala.
Aceasta inversare s-a datorat deformarii de tip hallux
valgusla mersul cutocuriinalte.

Deplasarea presiunii plantare maxime spre
antepiciorul median si haluce la mersul cu tocuri inalte
a fost mentionatd in studii anterioare [9, 11, 28].
Tocurile Tnalte au crescut sarcina sub antepiciorul
median si haluce, ducand la scdderea acesteia in
regiunea cdlcdiului [10]. Tn acest studiu, presiunea
plantara maxima a crescut in regiunile degetelor si
metatarsienelor in timpul mersului cu tocuri, n
conformitate cu studiile anterioare. Nu a existat nicio
presiune plantara in zona centralda a piciorului,
deoarece nu a existat niciun contact cu solul in acea
regiune la mersul cu tocuri inalte. Pe de alta parte, in
acest studiu, pantofii cu toc au crescut presiunea
plantara maxima in regiunea calcaiului, cauzata de o
zona de contact semnificativ mai mica cu tocurile inalte
sisubtiri.

CONCLUZII

Mersul cu tocuri a prezentat o progresie spatio-
temporalda a COP semnificativ diferita, care se poate
numadra printre principalele cauze ale problemelor de
sdnitate provocate de purtarea tocurilor inalte. n
plus, chiar sila cresterea inaltimii tocului, un toc mare
si subtire va provoca, de asemenea, 0 presiune
plantara semnificativ mai mare. Este necesara
intelegerea mersului cu tocuri Tnalte pentru
imbunatatirea confortului in acest sens si pentru a
oferi mai multe sfaturi in vederea unei sanatati mai
bune. Cu toate acestea, in cercetarile viitoare trebuie
sa se analizeze distinctia dintre diferitele indltimi si
tipuride toc.
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