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Can a Biomechanical Foot Orthosis Affect Gait
in Patients With Hallux Valgus? A Pilot Study
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Objective To investigate the effects of customized biomechanical foot orthosis (BFO) on kinematic data during
gait in patients with hallux valgus (HV) deformities and compare the results with those of a normal control group.
Methods Ten patients with HV deformities and 10 healthy volunteers were enrolled in this study. HV deformity
was diagnosed using biomechanical and radiological assessments by a rehabilitation physician. Patients received
the customized BFO manufactured at a commercial orthosis laboratory (Biomechanics, Goyang, South Korea)
according to the strictly defined procedure by a single experienced technician. The spatiotemporal and kinematic
data acquired by the Vicon 3D motion capture system (Oxford Metrics, Oxford, UK) were compared between the
intervention groups (control vs. HV without orthosis) and between the HV groups (with vs. without orthosis).
Results The temporal-spatial and kinematic parameters of the HV group were significantly different from those of
the control group. After applying BFO to the HV group, significantly increased ranges of plantar flexion motion and
hindfoot inversion were observed. Furthermore, the HV group with BFO showed improved gait cadence, walking
speed, and stride length, although the results were not statistically significant.

Conclusion Our results suggest that it is imperative to understand the pathophysiology of HV, and the application

of customized BFO can be useful for improving kinematics in HV deformities.
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INTRODUCTION

Hallux valgus (HV) deformity remains one of the most
common and disabling pathologies of the feet [1]. A wide
range of prevalence estimates for HV has been presented
in various independent reports. National health surveys

in the United States have reported a prevalence rate of 0.9%
across all age groups [2], while a more recent survey in the
United Kingdom reported a prevalence rate of 28.4% in
adults [3]. Research conducted in the older population has
indicated prevalence rates as high as 74% [3].

In HV, local tenderness occurs due to abnormal pres-
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sure distribution during walking. In addition, foot de-
formities, such as subluxation of the first metatarsopha-
langeal joint, can develop, which eventually results in
changes in gait patterns and abnormal movement of the
center of pressure [4]. As the range of motion of the first
metatarsophalangeal joint increases, the weight-bearing
capacity of the metatarsal head, which is applied dur-
ing walking, decreases. Such abnormal weight-bearing
causes pain in the metatarsal head, thus making walking
difficult. The development of an abnormal gait pattern
increases physical stresses on the joint, resulting in a vi-
cious cycle of further exacerbating deformity and pain [5].

Menz and Lord [6] identified significantly reduced
walking speed and step length in patients with HV. In ad-
dition, Nix et al. [1] reported that HV could reduce the
ability to walk and quality of life and has been shown to
increase fall risk in elderly individuals. However, because
the feet are covered by shoes and socks, its early diagno-
sis is difficult, and appropriate treatment is difficult even
if symptoms are present. Since foot deformity induces
biomechanical changes in standing and gait, it can cause
asymmetry of the pelvis, pain in the knee joint, and pain
and deformity of the spine [4]. Therefore, appropriate in-
tervention to prevent disability is necessary.

The main goal of HV treatment is to control pain, im-
prove walking capacity, and restore cosmetic appearance.
Surgery and wearing orthosis are the main treatment op-
tions [7]. More than 100 surgical treatment techniques
have been introduced for the correction of HV. Distal
metatarsal osteotomy is widely used to correct mild or
moderate HV. However, recurrences or under-corrections
have been reported in 10%-14% of the cases [8].

To reduce the angle of the first metatarsal great toe
joint, conservative treatments such as inserting a pad
or wedge and wearing a soft or hard insole are used [9].
According to Charrette [10], an HV orthosis acts as a bio-
mechanical support meant to reduce pressure on the first
metatarsal joint, preventing further degradation of mo-
bility. A systematic review reported that deformity was re-
duced after wearing a foot orthosis in HV patients along-
side an improvement in pain [11]. However, much less is
known about the kinematic behavior of the foot affected
by HV [12]. Kinematic analysis of the foot has been chal-
lenging for many years, partially because of technological
limitations and also due to the intrinsic complexity of the
foot.

Therefore, in this pilot study, we investigated the effects
of a customized biomechanical foot orthosis (BFO) on
kinematic data obtained through three-dimensional (3D)
gait analysis during gait with HV deformities in compari-
son with a normal control group.

MATERIALS AND METHODS

Subjects

From March 2016 to November 2016, 20 participants
were enrolled in this study. Ten subjects in the patient
group were newly diagnosed with HV deformities involv-
ing pain in the outpatient department of rehabilitation
medicine at Chungnam National University. The diag-
nostic criteria were as follows: hallux valgus angle (HVA)
>15° and intermetatarsal angle (IMA) >9° on weight-
bearing anteroposterior (AP) plain radiographs (Fig. 1).
The control group included 10 healthy volunteers. In
both groups, individuals with a history of major lower-
limb musculoskeletal trauma or surgery and congenital
conditions that may affect gait were excluded. Gait ex-
aminations were performed in both groups while the
subjects wore shoes. Only the HV group underwent ad-
ditional examination with BFO in shoes after 1-hour light
walking for adaptation with the orthosis.

The study protocol was approved by the Institutional
Review Board of Chungnam National University Hospital
(No. IRB 2015-03-040), and informed consent was ob-
tained from all participants.

Fig. 1. Radiographic measurement. HVA, hallux valgus
angle; IMA, intermetatarsal angle.
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Gait analysis

Spatiotemporal and kinematic data were obtained us-
ing the Vicon MX system (12 infrared cameras; Vicon
Motion Systems, Oxford, UK).

Twelve infrared cameras (Vicon MX) with sampling at
100 Hz were used to track the marker positions. Three
walking trials were undertaken, approximately 5 m in
length, with individuals walking at a self-selected speed.
To quantify the foot kinematics of both groups, the Ox-
ford foot model (OFM) was applied, as described by Steb-
bins et al. [13]; reflective markers with a diameter of 14
mm were positioned at anatomical landmarks.

The calculated parameters, using the OFM, were as fol-
lows:

(1) hallus relative to the forefoot: dorsiflexion/plan-

tarflexion (sagittal plane),

(2) forefoot relative to the hindfoot: dorsiflexion/plan-
tarflexion (sagittal plane), supination/pronation
(coronal plane), abduction/adduction (transverse
plane), and

(3) hindfoot relative to the tibia: dorsiflexion/plan-
tarflexion (sagittal plane), inversion/eversion (coro-
nal plane), adduction/abduction (transverse plane).

The relative motion for each gait phase, defined as the
difference between the maximum and minimum angles
during each phase, was calculated. The dorsiflexion, in-
version, supination, and adduction motions are denoted
by positive, and the plantarflexion, eversion, pronation,
and abduction motions are denoted by negative.

Foot markers
A total of 15 markers were used.

Hindfoot

- The HEE marker should be placed on the bisection of
the calcaneus line, as far down the calcaneus as fea-
sible when considering dynamic trials. It should be at
the same height from the plantar surface of the foot as
the P5M marker.

- The CPG marker should be placed on the line above
the HEE marker. The base of the marker should be on
the line, and the marker should reflect the varus/val-
gus alignment of the heel.

- The PCA marker should be placed on the same line
above the base of the CPG marker.

- The LCL and MCL markers should be placed on the
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lateral and medial aspects of the calcaneus, respec-
tively.

Forefoot

- The D1IMT marker should be placed on the head of
the first metatarsal, and the D5MT marker should be
placed on the head of the fifth metatarsal.

- The P5MT marker should be placed on the base of the
fifth metatarsal, at the same height from the plantar
surface of the foot as the markers on the metatarsal
heads.

- The P1M marker should be placed on the base of the
first metatarsal.

- The HLX marker should be placed on the hallux, at
the same height as the D1M marker, on the proximal
end of the distal phalanx or the distal end of the me-
dial phalanx.

Tibia

- The TTU marker should be placed on the tibial tuber-
osity.

- The SH marker should be placed on the anterior crest
of the tibia (Fig. 2).

Functional foot orthosis

Customized BFOs were fabricated from a neutral sus-
pension cast using the bisection of the calcaneus ac-
cording to the technique of Root et al. [14]. The BFO was
manufactured at a commercial orthosis laboratory (Bio-
mechanics, Goyang, Korea) according to a strictly defined
procedure by a single experienced technician. The semi-
rigid polypropylene material was used to fabricate the
BFO, of which the control points were the poron kinetic
wedge on a deflection at the first metatarsal head, the
metatarsal dome, and the medial arch support. A subta-
lar neutral suspension cast using the calcaneus bisection
was used to correct excessive pronation (Fig. 3).

Statistical analysis

To analyze the differences in the demographic and
temporal parameters of both groups, the non-parametric
Mann-Whitney U-test was used. For the statistical analy-
sis of kinematic data, the relative motion occurring at
each segment angle was calculated for seven gait phases
[15]. Differences in kinematic data between the groups
(control vs. without orthosis) and with versus without or-
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Fig. 2. Gait analysis. (A) Walking
at self-selected speed along a 5-m
walkway. (B) The anantomical
landmarks. (C) Reflective markers
in patient.

thosis in the HV group were considered significant at a p-

value of <0.05, using the non-parametric Mann-Whitney
U-test.

RESULTS

The demographics of the study population and clini-
cal score results are presented in Table 1. There were no
significant differences in age, weight, and height between
the experimental and control groups. The radiographic
results of the HV group showed a mean IMA of 13.5° and
an HVA of 32.3°.

Fig. 3. Customized biomechanical
foot orthosis (BFO). (A) 1st meta-
tarsal head wedge (red circle).
(B) Metatarsal dome pad (white
circle). (C) Longitudinal medial
arch support (yellow circle).

Table 1. Demographics
Control group (n=10) HV group (n=10)

Sex, female 10 10

Age (yr) 52.0+24.6 59.0+8.5
Height (m) 159.6+5.8 157.2+4.2
Weight (kg) 55.2+3.0 58.5+2.4
HVA 8.5+4.4 32.3+4.4*
IMA 6.2+1.6 13.5+2.3*

Values are presented as meantstandard deviation.

HYV, hallux valgus; HVA, hallux valgus angle; IMA, inter-
metatarsal angle.

*p<0.05, comparison between the control and hallux val-

gus groups.
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Temporal-spatial parameters

The HV group demonstrated a significantly slower
walking speed and cadence and shorter stride and step
length, while a significant increase in double support
was observed compared with that in the control group.
With BFO, significant differences compared to the data
without orthosis were not evident in the temporal-spatial
parameters (Table 2).

Kinematic parameters

The relative intersegment angle was assessed, and a
comparative analysis was performed between the HV
group with BFO, HV group without BFO, and control
group (Table 3, Fig. 4).

Hallux relative to the forefoot angle

The HV group demonstrated a significantly increased
range of dorsiflexion in the terminal stance and terminal
swing phases compared with that in the control group.
After applying BFO, a significantly increased range of
plantar flexion motion was observed.

Forefoot relative to hindfoot angle

In the HV group, an increased range of dorsiflexion mo-
tion during the mid-swing phase was observed compared
with that in the control group. There was no significant
change in the forefoot kinematics after applying BFO.

Hindfoot relative to tibia angle
During the mid-stance, a decrease in hindfoot inver-
sion was observed in the HV group. In addition, signifi-

Table 2. Temporal parameters with and without application of the BFO in the hallux valgus and control groups

Control group : HV group :

Without BFO With BFO
Cadence (steps/min) 116.00£15.2 96.98+9.6” 101.33%9.3
Double support (%) 19.80+8.0 30.45+5.1” 32.9745.3
Foot off (%) 60.10+7.3 64.46+2.3 65.89+2.1
Step length (m) 0.63£0.1 0.53+0.1° 0.57+0.1
Step time (s) 0.52+0.1 0.62+0.0 0.59+0.0
Step width (m) 0.15%0.2 0.14+0.0 0.15%0.0
Stride length (m) 1.27+0.1 1.04+0.17 1.11+0.1
Stride time (s) 1.04+0.1 0.25%+0.1 1.18+0.1
Walking speed (m/s) 1.23+0.2 0.83+0.1% 0.93+0.1

Values are presented as meantstandard deviation.
HYV, hallux valgus; BFO, biomechanical foot orthosis.

9p<0.05, comparison between the control group and without BFO group.

Table 3. Motion at the intersegment angles showing differences between the control and HV groups

Intersegment angle Gait phase Control group HV group
Without BFO With BFO
Hallux-forefoot DF/PF (°) Terminal stance 4.22+13.38 6.23+14.13 -10.60+11.03"
Terminal swing -3.44%9.61 3.91+14.78” -29.97+10.67"
Forefoot-hindfoot DF/PF (°) Mid-swing -2.40+3.53 0.44+4.96" 2.81+3.85
Hindfoot-tibia Inv/Ev (°) Mid-stance 2.28+3.81 -1.63+6.73” 3.25+5.63
Pre-swing -1.25+2.48 -3.63+6.73” -1.95+5.63"

Values are presented as meantstandard deviation. Intersegmental angle is the difference between the maximum and

minimum angle.

HYV, hallux valgus; BFO, biomechanical foot orthosis; DF, dorsiflexion; PE, plantarflexion; Inv, inversion; Ev, eversion.
9p<0.05, comparison between the control group and without BFO group.
p<0.05, comparison between the HV groups with and without BFO.
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Fig. 4. Foot kinematics during whole gait cycle. (A) hallux-forefoot dorsifexion/plantarflexion. (B) hindfoot-tibia inver-

sion/eversion. BFO, biomechanical foot orthosis.

cant increases in hindfoot eversion during pre-swing
were observed in the HV group. With BFO, a significantly
increased range of hindfoot inversion was observed dur-
ing the pre-swing phase.

DISCUSSION

The present study investigated the kinematic charac-
teristics of the foot segment in patients with HV during
walking and how biomechanical orthotic treatment can
affect foot kinematics. When comparing the HV group
to the control group, the results showed significant al-
terations in a number of gait parameters; some of these
parameters improved, similar to a normal gait pattern,
when wearing a customized BFO.

First, the measurements obtained from the control
group were similar to values reported in the literature for
healthy populations regarding both the spatiotemporal
and angular parameters [16,17]. For the HV group, the
spatiotemporal results of this study, reduced walking
speed, decreased stride length, and increased cadence,
were comparable to those in previously reported studies
[16,17]. This result can be explained by the alteration of
normal biomechanics, alteration of weight transfer, in-
creasing energy consumption following pain, and inad-
equate push-off. No significant improvement in the spa-
tiotemporal parameters was observed after wearing BFO.
However, the duration of wearing BFO was not sufficient
to change the gait pattern. It is necessary to perform a
long follow-up study on the biomechanics and gait pat-
tern change to draw objective conclusions.

In the HV group, we found an increased range of hallux
dorsiflexion in the terminal stance and mid-swing phases
compared with that in the control group. The increased
dorsiflexion motion was probably due to the hallux, first
metatarsal malalignment following the earlier onset of
the dorsiflexion movement; therefore, inadequate push-
off prevented efficient gait. Chopra et al. [18] suggested
that reduced mobility at the first metatarsophalangeal
joint in the terminal stance could justify the reduced toe-
off pitch angle and peak swing speed along with the in-
complete push-off phase observed in our patient group.

We also found a difference in the hindfoot-tibia angle
during mid-stance and during the pre-swing of the stance
phase. The HV group showed a decrease in hindfoot
inversion during mid-stance, increased eversion, and
decreased plantarflexion motion of the hindfoot, which
corresponds to studies on kinematic HV deformity per-
formed by Deschamps et al. [12]. These relative motions
can be explained by excessive subtalar joint eversion,
which unlocks the midtarsal joint and leads to kinematic
abnormalities, mainly in the push-off period.

With the application of BFO, several kinematic devia-
tions observed in HV were corrected. A significantly in-
creased range of plantarflexion motion in the hallux rela-
tive to the forefoot in the terminal stance and mid-swing
phase was observed. In addition, although not statisti-
cally significant, an increased range of hindfoot inver-
sion and plantar flexion relative to the tibia was observed
during the pre-swing phase. In our study, the BFO was a
functional customized foot orthosis fabricated using the
root technique. A subtalar neutral suspension cast us-
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ing the calcaneus bisection was used to correct excessive
pronation. The components included the poron wedge at
the first metatarsophalangeal joint, metatarsal pad, and
longitudinal arch support. Owing to these control points,
it is suggested that after wearing an orthosis, gait could
be similar to normal gait kinematics. In a previous study,
Becerro de Bengoa Vallejo et al. [19] reported that a root-
style orthosis induced significantly greater first metatar-
sal plantar flexion than walking without orthosis.

Abnormalities in spatiotemporal and kinematic gait
parameters are known to be related to the risk of falls,
which are more valuable than plantar pressure; therefore,
efforts to improve spatiotemporal and kinematic param-
eters are as important as correcting the pressure distribu-
tion [15,20].

Despite the important findings, our study had some
limitations. First, a limited number of female partici-
pants were included in order to generalize the results.
Second, kinetic analysis was not performed; more in-
depth evidence can be provided for the interpretation of
changes in gait biomechanics using kinetic data. Third,
we attached a marker to the slipper. Fixation of a marker
at an adequate anatomical landmark should address the
reliability of foot motion tracking. To overcome this prob-
lem, the subjects used adequately fitted shoes and were
instructed to tighten the shoelace while walking. More-
over, since our study only analyzed the immediate effect
of wearing the foot orthosis, long-term follow-up obser-
vation is necessary for consideration of the improvement
in pain and biomechanical improvements of the lower
extremities.

In conclusion, this study showed that patients with HV
had a different intersegment range of motion in contrast
to healthy subjects. Our results suggest that the applica-
tion of a customized BFO will be useful for improving
kinematics in HV deformities.
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