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BACKGROUND: The hallux and the first metatarsophalangeal joint play a major role in load transmission during
walking.

OBJECTIVE: The main aim of this study was to investigate differences in kinematics of the pelvis and lower ex-
tremities during gait by comparing people with hallux valgus (HV) and a control group (CG).

METHODS: We compared subjects with asymptomatic bilateral HV (n = 6, 57.8 + 5.64 years) with those who
had CG (n = 11, 50.7 + 4.41 years). Gait analysis was investigated using an optoelectronic system Vicon MX. The
subjects walked at self selected speeds. In total, five trials of each subject were analyzed. The statistical processing was
performed by means of the Student t-test. The effect size was determined using the w?> measure.

RESULTS: In people with HV there was a significantly smaller maximum of dorsal flexion during the stance phase
(p <0.01, w?>> 0.06) and a greater maximum of plantar flexion at the beginning of the stance phase (p < 0.01, w?
> 0.06). The maximum of knee extension at the end of the swing phase was significantly greater (p < 0.01, w?> 0.06)
in subjects with HV. In the frontal plane, a significantly smaller maximum of hip abduction (p < 0.01, w?> 0.06) during
the gait cycle was observed in people with HV. The range of pelvic obliquity (p < 0.01, »w? > 0.06) and pelvic rotation
(p <0.01, w?> 0.06) were significantly smaller in people with HV.

CONCLUSION: This study demonstrated that HV does not exclusively concern the foot. The valgus deformity
of the big toe can negatively influence function of the lower extremities and can cause overloading of those segments

as well.
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INTRODUCTION

Hallux valgus (HV) is a complex, progressive tripla-
nar forefoot deformity. It incorporates a valgus deviation
of the big toe, increased varus of the first metatarsal
bone and a medial prominence of its head (Lorimer,
Neale, & French, 2006). This is related to other foot
problems, depending on the cause, duration of symp-
toms and the degree of deformity. HV deformity usually
occurs together with a decrease of the transverse arch,
an occurrence of hammer toes, a widening of the fore-
foot and pressure distribution changes under metatar-
sal heads, causing a metatarsalgia (Halebian & Gaines,
1983; Torkki, 2004).

HYV deformity is related to foot dysfunction and
may lead to failure of basal support in the stance
phase, shock absorption and load transmission during
gait. The structure and function of the foot play the
main role in postural dynamics. Stabilization of the first
metatarsal is the basic precondition for optimal foot
function. In hallux valgus deformity, first ray dynamic
stabilization failure and loss of the contact between the
first metatarsophalangeal joint surfaces and sesamoid

bones is typical (Lorimer et al., 2006). HV is related to
functional joint centration failure in terms of postural
ontogenesis (Kolaf, 2001). Due to a chain failure, one
dysfunctioning segment can cause overloading of other
segments and change the movement pattern (Kucera,
1994; Vareka & Varekova, 2003).

There are many studies analyzing the dynamic pa-
rameters of gait in people with HV (Blomgren, Turan,
& Agadir, 1991; Bryant, Tinley, & Singer, 1999, 2000;
Hughes, Clark, & Klenerman, 1990; Martinez-Nova
et al., 2010; Milani & Retzlaff, 1995; Vittas, Jansen,
& Larsen, 1987; Waldecker, 2002, 2004; Yavuz et al.,
2009), but only in a few studies were the kinematics of
gait observed. HV was considered to be a static forefoot
deformity. A multisegmental foot model for the purpose
of 3D gait analysis is reported to demonstrate both de-
creased plantar and dorsal flexion in people with HV
(Hwang, Choi, Lee, & Kim, 2006). In subjects with juve-
nile HV, greater hip flexion, greater knee flexion during
swing phase, lesser knee extension and greater plantar
flexion at the beginning of the stance phase were found
(Janura, Cabell, Svoboda, Kozakova, & Gregorkova,
2008).
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The main aim of this study was to investigate the
differences in the kinematics of the pelvis and the lower
extremities during gait between people with HV and
control group.

MATERIAL AND METHODS

The experimental group consisted of subjects
with an asymptomatic bilateral HV deformity (n = 6,
age = 57.8 £ 5.64 years, height = 1.69 £ 0.1 m, weight =
65.8 = 7.82 kg). The control group (CG) includ-
ed subjects (n = 11, age = 50.7 £ 4.41 years, high =
1.73 £ 0.06 m, weight = 74.6 = 8.63 kg) without any foot
deformity nor problems affecting gait.

Using a 3D motion analysis system (Vicon MX,
Oxford Metrics Inc., Oxford), movement of the pelvis
and lower extremity segments was observed during gait.
We used the Plug-In Gait model (7 segments, 16 reflex
markers).

The advanced Vicon system with 7 infrared cam-
eras was synchronized with 2 force platforms (Kistler
9286AA, Kistler Instrumente AG Winterthur, Switzer-
land). It enabled us to detect the phases of the gait cycle.

We carried out a kinesiology examination prior to
the actual measurement. The subjects walked at self se-
lected speeds without shoes. After two test trials, ten
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trials were measured. Five trials of each subject were
analyzed - the ankle peaks in the sagittal plane (plantar/
dorsal flexion); knee peaks in the sagittal (flexion/ex-
tension) and frontal plane (varus/valgus); hip peaks in
the sagittal (flexion/extension) and frontal plane (ad-
duction/abduction); range of the pelvis movement in
the sagittal (pelvis tilt); frontal (pelvis obliquity) and
transverse plane (pelvis rotation) were quantified and
evaluated by means of the Vicon Nexus 1.0 and Polygon
Authoring Tools.

Collected data were analyzed by means of the Stu-
dent t-test (Statistica 9.0, StatSoft, Inc.). The statistical
significance level was set as 0.05. Moreover, the omega-
squared (w?) quantity was determined to be a measure
of the effect size. A “rule of thumb” was employed if it
was greater than 0.01 as a small effect, greater than 0.06
as a medium effect and greater than 0.15 as a big effect
(Cohen, 1988).

RESULTS

The mean values and the standard deviations of
measured variables in people with HV compared to CG
are shown in TABLE 1.

TABLE 1
Kinematic parameters of the gait in people with hallux valgus and the control group

Group Hallux valgus Control Group

Parameter Mean SD Mean SD p o’
Dorsal flexion St 15.09 5.6 18.1 5.22 0.00 0.06
Dorsal flexion Sw 6.39 491 6.94 3.15 0.38 0.00
Plantar flexion St (LR) 6.52 5.32 3.79 4.81 0.00 0.06
Plantar flexion St (PSW) 14.46 8.22 15.33 6.82 0.46 0.00
Knee flexion St 19.32 5.29 20.94 6.14 0.09 0.01
Knee flexion Sw 62.86 2.7 62.43 6.5 0.62 0.00
Knee extension St 7.27 3.09 6.78 3.76 0.39 0.00
Knee extension Sw 4.76 2.4 2.46 3.47 0.00 0.11
Knee valgus 0.1 5.61 4.07 8.81 0.00 0.05
Knee varus 13.06 5.61 11.65 10.63 0.34 0.00
Hip flexion 35.17 5.3 32.77 5.12 0.00 0.04
Hip extension 6.05 5.35 8.92 6.91 0.01 0.04
Hip adduction 9.04 4.38 8.16 4.49 0.22 0.00
Hip abduction 2.87 3.72 5.49 3.96 0.00 0.09
Pelvic tilt 2.91 0.78 3.43 1.12 0.02 0.05
Pelvic obliquity 711 2.76 8.89 2.31 0.00 0.10
Pelvic rotation 9.43 3.36 11.37 3.84 0.01 0.06

Legend: SD - standard deviation; p - level of statistical significance; v, - omega-squared; dorsal/plantar flexion - maximum of dorsal/
plantar flexion; knee flexion - maximum of knee flexion; knee extension - minimum of knee flexion; knee valgus/varus - maximum of
knee valgus/varus; hip flexion/extension - maximum of knee flexion/extension; hip adduction - minimum of hip abduction, hip abduction,
maximum of knee abduction, pelvic tilt/obliquity/rotation - range of pelvic tilt/obliquity/rotation; St - stance phase; Sw - swing phase;
LR - loading response; PSW - pre-swing; all values were measured in degrees
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In people with HV, a significantly greater maxi-
mum of plantar flexion during the loading response
(p <0.01, @*> 0.06) and a smaller maximum of the
dorsal flexion during midstance (p < 0.01, w?>> 0.06)
were found (Fig. 1). Maximal knee extension at the end
of the swing phase was significantly greater (p < 0.01,
w?> 0.06) in subjects with HV (Fig. 2). In the frontal
plane, a significantly smaller maximum of hip abduction
(p <0.01, w*> 0.06) during the gait cycle was observed
in people with HV (Fig. 3). The range of pelvic oblig-
uity (p < 0.01, w? > 0.06) (Fig. 4) and pelvic rotation
(p <0.01, w*> 0.06) were significantly smaller in people
with HV.

Fig. 1
Ankle movement in the sagittal plane during gait in peo-
ple with hallux valgus and the control group
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Fig. 2
Knee movement in the sagittal plane during gait in peo-
ple with hallux valgus and the control group
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Fig. 3
Hip movement in the frontal plane during gait in people
with hallux valgus and the control group
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Fig. 4

Pelvis movement in the frontal plane during gait in peo-
ple with hallux valgus and the control group
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DISCUSSION

The hallux and the first metatarsophalangeal joint
(MTPJ 1), together with the plantar aponeurosis, play
a major role in loading transmission during gait. Dys-
function of these structures in the case of HV deformity
can cause excessive foot pronation (Huang, Kitaoka,
An, & Chao, 1993; Waldecker, 2004), which increases
the range of forefoot movement, affects foot stabiliza-
tion and resupination at the end of the stance phase
(Frank, Satake, Robinson, & Gentchos, 2009). The ex-
cessive pronation found by Bolgla and Keskula (2003)
represents the most common biomechanical problem
and is often cited as a key contributor in many overuse
injuries of the lower limb and lower back. Excessive
pronation, according to Dinsdale (2009), is synonymous
with excessive calcaneal eversion and increased internal
tibial rotation. Root, Orien, and Weed (1977) reported
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that abnormal subtalar joint pronation can be a result
of forefoot varus, rearfoot varus, tibia vara, ankle joint
equinus and a plantar flexed first ray.

Our results confirm that HV deformity influences
the movement of the whole lower extremity and pelvis
during gait. The greater plantar flexion at the beginning
of the stance phase was also found in subjects with juve-
nile HV (Janura et al., 2008). The smaller dorsiflexion
during the stance phase corresponds to the results of
the 3D gait analyses using the multisegment foot model
in subjects with HV (Deschamps, Birch, Desloovere,
& Matricali, 2010; Hwang et al., 2006).

Glasoe, Nuckley, and Ludewig (2010) found that
people with HV had an increased range of adduction
during mid-swing at the forefoot-rearfoot angle and
a decreased inversion, whereas during the pre-swing
phase, a significantly increased rearfoot eversion was
found. These changes in the frontal plane movement of
the foot can relate to lesser hip abduction during pre-
swing in our experimental group. For an optimal per-
formance of the toe off, dorsiflexion in MTPJ I within
the range of 65 degrees is necessary. The physiological
range of the hallux dorsiflexion is from 20 to 30 degrees;
the plantar flexion of the first metatarsal compensates
for the missing 40 degrees. The excessive pronation of
the foot does not influence the required dorsiflexion in
MTPJ I (Frank et al., 2009). Similarly, in functional
hallux limitus, extension of the MTPJ I during weight-
bearing is not possible. According to Dinsdale (2009)
the limited plantar flexion of the first ray compensates
for the disturbed stabilization of the first metatarsal
against the ground, owing to excessive pronation or de-
layed resupination. This condition is known as “sagittal
plane blockage”. Sagittal plane blockage can, accord-
ing to Danaberg (1993a, 1993b) and Dananberg and
Guiliano (1999), cause and perpetuate many chronic
postural complaints, which include lumbar stress and
chronic low back pain.

Dimonte and Light (1982) reported that the patients
with HV will tend to keep their weight on the lateral
border of the foot. The propulsion cannot be made op-
timally in cases of HV. Patients with HV have to use ap-
ropulsive gait. Apropulsive gait could explain the smaller
degree of hip abduction at the toe off, which we found
in our experimental group as well.

Our experimental group used a lesser range of pelvis
obliquity and pelvis rotation as compared to the CG.
Dinsdale (2009) reported that the foot should be stable
to ensure quality support during the stance phase. The
failure of foot stabilization due to forefoot dysfunction
disrupts the function of muscles stabilizing the pelvis.
Over time these muscles become, according to Dinsdale
(2009), fatigued, weak, hypotonic and tender upon pal-
pation. This often leads to abnormal pelvic movement,
pelvic muscle imbalance and pelvic instability. Danan-
berg (1993a, 1993b) found the relationship between
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a common, but rarely recognized entity known as “func-
tional hallux limitus” and chronic postural complaints,
including lumbar stress and chronic low back pain.
The lesser range of pelvis motion can be also related
to a reduced walking speed and a shorter stride length,
which was demonstrated in other studies of the gait in
subjects with HV (Khazzam, Long, Marks, & Harris,
2007; Menz & Lord, 2005).

CONCLUSIONS

This study demonstrated that HV does not exclusive-
ly concern the foot. The centralization and stabilization
failure of the first metatarsophalangeal joint does not
allow patients with hallux valgus deformity to perform
heel off and toe off optimally. It can be especially nega-
tively projected at the end of a pre-swing phase during
walking. The valgus deformity of the big toe can nega-
tively influence function of the lower extremities and can
cause overloading of those segments as well.
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VLIV VALGOZNI DEFORMITY PALCE NA POHYB
PANVE A DOLNICH KONCETIN PRI CHUZI
(Souhrn anglického textu)

VYCHODISKA: Palec a I. metatarzofalangealni
kloub hraji klicovou tlohu v pfenosu zatiZeni pfi chiizi.
CILE: Ucelem této studie bylo analyzovat a interpre-
tovat rozdily v kinematickych parametrech chiize u osob
s hallux valgus v porovnani s kontrolni skupinou.
METODIKA: Porovnavali jsme osoby s asympto-
matickou oboustrannou valgézni deformitou palce
(n =6, 57,8 + 5,64 let) s kontrolni skupinou (n = 11,
50,7 = 4,41 let). Provedeni chtlize jsme analyzovali po-
moci optoelektronického systému Vicon MX. Kazdy
proband byl instruovan k chtizi svym pfirozenym zpu-
sobem i tempem. Vyhodnotili jsme 5 pokust u kazdého
probanda. Ziskana data jsme statisticky zpracovali po-
moci parového studentova t-testu. Vécnou vyznamnost
jsme vypocitali pomoci koeficientu ,effect size” (w?).
VYSLEDKY: U osob s HV jsme nalezli statistic-
ky i vé€cné€ vyznamné men$i maximum dorzalni flexe
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v pribéhu stojné faze (p < 0,01, w?*> 0,06) a vétsi maxi-
mum plantarni flexe na pocatku stojné faze (p < 0,01,
w?> 0,06). Maximum extenze v kolennim kloubu bylo
osob s HV v zavéru Svihové faze u statisticky i v€cné
vyznamné vétsi (p < 0,01, w?>> 0,06). Ve frontalni rovi-
né jsme pozorovali statisticky i v€cné vyznamné€ men-
$i maximum abdukce v ky¢elnim kloubu u osob s HV
(p <0,01, w?> 0,06). Rozsah pohybu panve ve frontalni
a transverzalni rovin€ byl statisticky i vécné vyznamné
mensi u osob s HV (p < 0,05, w?>> 0,06).

ZAVERY: Vysledky této studie ukazuji, ze HV ne-
predstavuje problém pouze v oblasti nohy. Valgdzni
deformita palce mlzZe negativné€ ovlivnit funkci vSech
segmentll dolni koncCetiny a vést k jejich pretiZeni.

Klicova slova: hallux valgus, chiize, kinematickda analyza.
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