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Abstract
Background Hallux valgus (HV) is the most common musculoskeletal deformity of the foot. This
deformity is accompanied with pain and continues to decrease one’s quality of life. Furthermore, HV has
been reported to affect gait ability and static stability. This study aimed to compare one-leg stance and
gait between people with and without HV, and to investigate the effect of the HV angle on one-leg stance
and gait ability. Methods Forty young adults with HV (6 men, 34 women) were enrolled. In the HV and
normal groups, people who had undergone surgery or were unable to participate in the study because of
pain in the lower extremity were excluded. Using the Zebris FDM model 1.5 (Zebris Medical GmbH, Isny,
Germany), we analyzed gait parameters and one-leg stance in all subject to compare gait and static
balance between the normal and HV groups. The obtained data were analyzed using the Mann-Whitney
U-test to determine differences in one-leg stance and gait parameters between the group groups. In
addition, a simple regression analysis was performed to determine the effect of the HV angle on one-leg
stance and gait parameters. The signi�cance level was set at =0.05. Results Signi�cant differences were
found in sway length and time change from the heel to forefoot during walking between the normal and
HV groups. Most parameters were not associated with the HV angle, but a few one-leg stance and gait
parameters were signi�cantly associated with the HV angle. Conclusions These results suggest that most
one-leg stance and gait parameters were not signi�cantly affected by the HV angle in young adults;
however, a few parameters were signi�cantly different between the normal and HV groups. Because
walking is a repetitive movement, young adults with HV could potentially have cumulative damage of the
feet in later stages of life.

Background
Hallux valgus (HV) is one of the most common foot deformities requiring orthopedic care [1]. It is
characterized as a lateral deformity of the extensor and �exor tendons of the big toe with a medial
deviation of the �rst metatarsal head and a lateral deviation of the proximal phalanx of hallux, which
occurs because the medial collateral ligament and joint capsule become attenuated [2]. The reported
prevalences of HV were 28.4% in young adults [3] and as high as 74% in older adults [4]. HV is more
common in female and elderly individuals, and the latter group has an increased risk for falls [5].

In general, HV is diagnosed by measuring anatomical angles: the angle between the �rst metatarsal and
the hallux, the angle between the �rst and second metatarsals, and the distal metatarsal articular angle
[6, 7]. In radiographic measurements, a normal HV angle (HVA) is ≤ 15°, and the �rst to second
intermetatarsal angle is ≤ 8°–9° [8]. Pique-Vidal and Vila [9] classi�ed HV deformities into normal (< 15°),
mild (15°–20°), moderate (21°–39°), and severe (≥ 40°) based on the HVA.

HV is characterized by pain, impaired balance, deformities of the lower limbs, and movement disorder
related to lower limb kinetics, leading to a reduction of physical activity [10]. In addition, HV is
distinguished by a greater reduction in the size of the abductor hallucis compared with the normal hallux
[10] and/or by the collapse of the arch [2]. Suzuki et al. [11] claimed that HV can be accompanied with
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pain in the metatarsal and medial metatarsal arch collapse in the static position. Patients with HV have
to bear loads caused by different lower extremity alignment compared with healthy individuals, which
affects their walking ability [12]. Deschamps et al. [1] reported a signi�cant difference in heel abduction
angles during walking between HV and normal groups and that such a change can affect postural
stability and balance. Wen et al. [13] reported a decreased single-leg stance performance in young adults
who had HV that caused no pain and stated that HVA can potentially cause injury by deteriorating their
single-leg stance performance during sports activities. According to Nishimura et al. [14], HV deformities
with an HVA greater than 30° decrease one’s maximum walking speed, and painful HV negatively affects
general gait features, including maximum walking speed. Plantar pressure is also decreased to varying
degrees, depending on the severity of HVA, and it is signi�cantly lower in patients with painful HA.

The �rst metatarsal joint acts as a pivot for transferring weight during the latter part of the stance phase
of gait [15], and the force generation capacity of the plantar �exors in the �rst metatarsal is reduced
because of the lateral deviation of the big toe [2, 16]. Martinez-Nova et al. [17] reported no signi�cant
difference in the peak pressure between HV and control groups, whereas Bryant et al. [18] and Mickle et
al. [19] asserted that the peak pressure increased, depending on the �rst and second metatarsal heads in
patients with severe HA compared with the control group.

To describe foot pain and movements in relation to HA, dynamic measurements and assessments can be
more reliable than their static counterparts [20]. Hence, in addition to the importance of HVA, the
requirement of steady movement at different angles is seen as an essential component of evaluation
when assessing patients with HA. This claim is supported by the fact that the ability to walk, once it is
acquired as a baby, is likely to be maintained throughout life, and it is di�cult to change gait
characteristics naturally once the gait pattern has been �xed and repeated from the early stages of life
[21].

The present study aimed to compare one-leg stance and gait between people with and without HV, and to
investigate the effect of the HV angle on one-leg stance and gait ability.

Materials And Methods

Study subjects
This cross-sectional study included 40 young adults (6 men and 34 women) with HV who had no pain in
their lower extremities, including the hip and knee, and received no surgical treatment or physical therapy
interventions to the lower extremities. Their weight, height, and HVAs from the left and right feet were
measured, and demographic data such as age were collected. All subjects were right-foot dominant.
During the experiments, those who complained of lower limb pain and those who did not want to disclose
their measurements were excluded from the analysis.

The present study was approved by a local institutional review board (approval number: jjIRB-180713-HR-
2018-0708), and written informed consent form was obtained from each participant.
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Measurement instruments and methods
1) HVA measurement with a goniometer

The goniometer (36 × 4.5 cm) has an axis in the center to facilitate 360° rotation, and it was used to
measure the HVA. While subjects were standing in their normal stance, the axis of the goniometer was
placed on the �rst metatarsal joint, with the stationary arm being aligned with the �rst metatarsal and the
moving arm being aligned with the great toe to measure HVA in accordance with the guidelines published
by the Ad Hoc Committee of the American Orthopedic Foot & Ankle Society [22].

2) Evaluation of unipedal balance and gait performance

The subjects’ balance abilities in one-leg stance and gait performance were measured with the Zebris-
FDM 1.5 (Zebris Medical GmbH, Isny, Germany). With dimensions of 580 × 605 × 21 mm (length × width × 
height), this pressure distribution measurement system is used to measure balance and gait parameters
with 11,264 force sensors, which record data at a sampling rate of 120 Hz per 1 second. To measure one-
leg stance balance, the subjects were asked to alternate standing on their right and left legs for 30
seconds each and rest for 1 minute. All measurements were repeated three times, and the average of the
three scores was used in the analysis. In one-leg stance, subjects were asked to cross the lifted foot
behind the back of the other foot and place it on the crook of the standing knee with their arms placed on
their hips. While tests were conducted bilaterally, the order of the test leg was determined via a coin toss.
For balance ability, the center of pressure (COP) path, velocity, length of axis of the COP path, deviation of
the x-axis and y-axis, and percentage of foot pressure were measured.

For gait measurements, two units of the Zebris-FDM 1.5 were combined to make a 3-m-long measuring
plate to which an additional 1.5-m track was connected to make the start and end points. Subjects
performed a 6-m walk test. At each measurement, the subjects were asked to look straight ahead to avoid
potential visual biases. The test was repeated three times, and the average of the three scores was used
in the analysis. For gait ability, the foot rotation angle, step length, percentage of each phase of the gait
cycle, time change from the heel to forefoot, and maximum pressure of the forefoot and midfoot were
measured.

Statistical analysis
Statistical analysis was performed using SPSS 25.0 software (IBM Corp., Armonk, NY, USA). All subjects
were divided into the HV and normal groups, and an independent t-test was used to compare the
differences in age, height, weight, and HVA between the groups. The non-parametric Mann-Whitney U-test
was used to determine the differences in balance and gait parameters between the groups. To determine
the relationship of HVA with parameters related to one-leg stance balance and gait performance, a simple
regression analysis was performed using HVA as an independent variable and balance and gait
parameters as dependent variables. Statistically signi�cance level α was set to 0.05.
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Results

General characteristics
General characteristics of participants are shown in Table 1.

Table 1
General characteristics of participants

Side of foot Parameters Normal adults
(n = 20)

HVa Adults
(n = 20)

t p

Left Age (years) 21.85 ± 1.18b 20.70 ± 1.17 3.807 0.004

Height (cm) 164.29 ± 7.86 165.17 ± 8.72 -0.335 0.739

Weight (kg) 58.10 ± 10.23 62.05 ± 9.83 -1.245 0.221

Angle of HV(°) 10.95 ± 2.72 23.85 ± 5.05 -10.055 0.000

Right Age (years) 21.80 ± 1.24 20.75 ± 1.16 2.761 0.009

Height (cm) 164.64 ± 7.75 164.82 ± 8.84 -0.068 0.946

Weight (kg) 58.05 ± 10.21 62.10 ± 9.83 -1.278 0.209

Angle of HV(°) 10.30 ± 3.67 22.00 ± 4.96 -8.475 0.000

aHalux valgus, bValues are presented as mean ± standard deviation

Unipedal Balance Test On The Left Foot
The results of the unipedal balance test on the left foot in the HV and normal groups are presented in
Table 2. The length of the major and minor axes signi�cantly increased in the HV group compared with
the normal group (p < 0.05). The force (%) on the forefoot was signi�cantly lower in the HV group than in
the normal group (p < 0.05), whereas that on the back foot was signi�cantly higher in the HV group than
in the normal group (p < 0.05). However, there was no signi�cant difference between the two groups with
respect to other balance parameters (p > 0.05).
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Table 2
Parameters during left one-leg stance balance between normal adults and HV adults

Parameters Normal adults
(n = 20)

HVa Adults
(n = 20)

Z p

Forefoot COPb X (mm) -48.58 ± 44.20c -50.75 ± 38.54 -0.487 0.626

Forefoot COP Y (mm) 59.58 ± 31.63 60.95 ± 26.57 -0.703 0.482

Backfoot COP X (mm) -23.48 ± 24.40 -36.52 ± 32.60 -1.488 0.137

Backfoot COP Y (mm) -44.39 ± 13.01 -48.09 ± 12.83 -0.866 0.387

COP X (mm) -25.17 ± 51.41 -32.46 ± 38.30 -0.730 0.465

COP Y (mm) 21.11 ± 40.94 12.60 ± 35.73 -1.082 0.279

COP path (mm) 922.37 ± 203.84 1235.20 ± 622.40 -1.434 0.152

COP velocity (mm/sec) 30.75 ± 6.79 41.17 ± 20.75 -1.434 0.152

Length of minor axis (mm) 24.59 ± 4.29 30.92 ± 9.54 -2.137 0.033

Length of major axis (mm) 39.22 ± 7.49 62.45 ± 33.54 -2.570 0.010

Angle btw Y and major axis (deg) 18.38 ± 10.62 14.84 ± 11.55 -1.353 0.176

Deviation X (mm) -25.16 ± 51.41 -32.28 ± 38.42 -0.676 0.499

Deviation Y (mm) 21.09 ± 40.93 12.65 ± 35.98 -1.082 0.279

Forefoot force (%) 67.13 ± 15.54 59.19 ± 11.13 -2.056 0.040

Backfoot force (%) 31.20 ± 13.54 39.14 ± 12.23 -2.110 0.035

Total force (%) 60.51 ± 16.67 66.57 ± 17.19 -1.001 0.317

aHalux valgus, bCenter of pressure, cValues are presented as mean ± standard deviation

Unipedal Balance Test On The Right Foot
The results of the unipedal balance test on the right foot in the HV and normal groups are presented in
Table 3. The length of the major and minor axes signi�cantly increased in the HV group compared with
the normal group (p < 0.05). However, the other balance parameters were not signi�cantly different
between the groups (p > 0.05).
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Table 3
Parameters during right one-leg stance balance between normal adults and HV adults

Parameters Normal adults
(n = 20)

HVa Adults
(n = 20)

Z p

Forefoot COPb X (mm) 56.55 ± 100.83c 58.25 ± 41.56 -1.758 0.079

Forefoot COP Y (mm) 47.64 ± 21.92 69.36 ± 40.48 -1.812 0.070

Backfoot COP X (mm) 49.57 ± 100.44 35.92 ± 26.14 -0.947 0.344

Backfoot COP Y (mm) -32.44 ± 12.52 -34.18 ± 13.17 -0.784 0.433

COP X (mm) 33.53 ± 104.39 38.58 ± 51.68 -1.650 0.099

COP Y (mm) 7.62 ± 27.06 33.36 ± 53.30 -1.569 0.117

COP path (mm) 1108.09 ± 333.01 1326.58 ± 443.75 -1.353 0.176

COP velocity (mm/sec) 36.94 ± 11.10 44.22 ± 14.79 -1.353 0.176

Length of minor axis (mm) 28.38 ± 7.47 33.77 ± 7.16 -2.489 0.013

Length of major axis (mm) 43.85 ± 12.95 58.14 ± 23.40 -2.110 0.035

Angle btw Y and major axis (deg) 18.38 ± 12.45 23.14 ± 16.94 -0.866 0.387

Deviation X (mm) 33.41 ± 104.44 38.47 ± 51.68 -1.596 0.110

Deviation Y (mm) 7.71 ± 27.05 33.41 ± 53.20 -1.569 0.117

Forefoot force (%) 67.19 ± 20.89 67.92 ± 20.61 -0.162 0.871

Backfoot force (%) 31.14 ± 18.06 28.75 ± 14.24 -0.406 0.685

Total force (%) 49.41 ± 20.71 62.20 ± 22.46 -1.867 0.062

aHalux valgus, bCenter of pressure, cValues are presented as mean ± standard deviation

Evaluation Of Gait Characteristics (left Foot)
The parameters derived from the analysis of the left foot while walking are summarized by group in
Table 4. The time change from the heel to forefoot, expressed in seconds and as percentage change, was
signi�cantly shorter in the HV group than in the normal group (p < 0.05). However, the other gait
parameters were not signi�cantly different between the groups (p > 0.05).
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Table 4
Parameters in left foot during gait between normal adults and HV adults

Parameters Normal adults HVa Adults Z p

Foot rotation (deg) 5.16 ± 4.53b 6.58 ± 4.49 -1.136 0.256

Step length (cm) 61.24 ± 7.74 59.82 ± 3.56 -0.906 0.365

Stance phase (%) 62.83 ± 1.92 63.04 ± 0.77 -0.785 0.433

Load response (%) 12.91 ± 1.87 12.98 ± 1.45 -0.081 0.935

Mid stance (%) 37.00 ± 1.69 37.26 ± 1.76 -0.839 0.402

Pre-swing (%) 12.94 ± 1.84 12.86 ± 1.03 -0.257 0.797

Swing phase (%) 37.17 ± 1.92 36.96 ± 0.77 -0.785 0.433

Step time (sec) 0.53 ± 0.05 0.53 ± 0.043 -0.108 0.914

Length of gait line (mm) 215.63 ± 12.95 209.41 ± 19.71 -0.866 0.387

Single support line (mm) 116.94 ± 9.48 114.55 ± 6.77 -1.542 0.123

Time change heel to forefoot (sec) 0.28 ± 0.049 0.25 ± 0.05 -2.016 0.044

Time change heel to forefoot (%) 42.48 ± 5.62 36.98 ± 6.71 -3.003 0.003

Maximum force of forefoot (N) 700.04 ± 131.02 707.77 ± 144.12 -0.162 0.871

Maximum force of midfoot (N) 117.48 ± 63.49 135.24 ± 79.66 -0.541 0.588

Maximum force of heel (N) 487.18 ± 72.07 481.65 ± 82.66 -0.298 0.766

Maximum pressure of forefoot (N/ ) 50.94 ± 9.70 46.04 ± 8.32 -1.082 0.279

Maximum pressure of midfoot (N/ ) 17.66 ± 9.87 17.46 ± 6.38 -0.433 0.665

Maximum pressure of Heel (N/cm2) 39.78 ± 7.05 38.29 ± 9.44 -1.163 0.245

aHalux valgus, bValues are presented as mean ± standard deviation

Evaluation Of Gait Characteristics (right Foot)
The parameters derived from the analysis of the right foot while walking are summarized by group in
Table 5. The time change from the heel to forefoot, expressed as percentage change, was signi�cantly
shorter in the HV group than in the normal group (p < 0.05). However, the other gait parameters were not
signi�cantly different between the groups (p > 0.05).
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Table 5
Parameters in the right foot during gait between normal adults and HV adults

Parameters Normal adults HVa Adults Z p

Foot rotation (deg) 7.56 ± 4.92b 8.15 ± 5.31 -0.676 0.499

Step length (cm) 61.79 ± 6.56 59.52 ± 4.98 -1.515 0.130

Stance phase (%) 62.87 ± 1.44 61.96 ± 5.09 -0.325 0.745

Load response (%) 12.79 ± 1.71 13.03 ± 1.22 -0.839 0.402

Mid stance (%) 37.42 ± 1.93 36.84 ± 1.23 -1.353 0.176

Pre-swing (%) 12.65 ± 1.68 12.94 ± 2.06 -0.298 0.766

Swing phase (%) 37.13 ± 1.44 36.39 ± 3.04 -0.216 0.829

Step time (sec) 0.52 ± 0.05 0.54 ± 0.05 -1.233 0.218

Length of gait line (mm) 212.99 ± 15.32 208.52 ± 17.87 -0.622 0.534

Single support line (mm) 115.80 ± 10.55 112.29 ± 8.25 -1.272 0.204

Time change heel to forefoot (sec) 0.26 ± 0.05 0.24 ± 0.05 -1.678 0.093

Time change heel to forefoot (%) 40.03 ± 7.27 35.55 ± 7.76 -2.191 0.028

Maximum force of forefoot (N) 708.98 ± 123.06 719.71 ± 149.87 -0.081 0.935

Maximum force of midfoot (N) 117.03 ± 78.21 143.63 ± 92.73 -1.245 0.213

Maximum force of Heel (N) 473.90 ± 73.59 478.44 ± 73.88 -0.460 0.646

Maximum pressure of forefoot (N/cm2) 48.78 ± 7.32 46.84 ± 9.90 -0.730 0.465

Maximum pressure of midfoot (N/cm2) 15.04 ± 7.06 16.84 ± 5.68 -1.380 0.168

Maximum pressure of Heel (N/ ) 39.47 ± 10.30 38.22 ± 11.07 -0.676 0.499

aHalux valgus, bValues are presented as mean ± standard deviation

Simple Linear Regression Analysis
A simple linear regression analysis was performed to determine the relationship of HVA with balance and
gait parameters, and the results are summarized in Tables 6 (left foot) and 7 (right foot). In the linear
regression models derived for gait parameters, the time change from the heel to forefoot, expressed in
seconds and as percentage change, was signi�cant in the left foot (p < 0.05). However, other left gait
parameters did not show signi�cant differences (p < 0.05). In the assessment of standing balance on the
left foot, a statistically signi�cant regression equation was derived for the major and minor axes (p < 
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0.05). The time change from the heel to forefoot, expressed as percent change, was also signi�cant (p < 
0.05) in the right foot. However, other gait parameters did not show signi�cant differences (p > 0.05).
Additionally, other balance parameters measured while standing on the right foot (p > 0.05) were not
statistically signi�cantly different (p > 0.05).

Table 6
Equations for HV angles of the left foot on the balance and gait parameters by simple regression analysis

Parameters Regression equation r R2 β F p

Time to change heel to
forefoot (sec)

0.302+(-0.002 × HVa

angle)
0.336 0.113 -0.336 4.841 0.034

Time to change heel to
forefoot (%)

45.622+(-0.339 × HV
angle)

0.386 0.149 -0.386 6.667 0.014

Length of minor axis 20.374+(0.424 × HV
angle)

0.408 0.166 0.408 7.579 0.009

Length of major axis 29.595+(1.221 × HV
angle)

0.350 .0123 0.350 5.310 0.027

aHalux valgus

Table 7
Equations for HV angles of the right foot on the balance and gait parameters by simple regression

analysis

Parameters Regression equation r R2 β F p

Time to change heel to forefoot
(%)

43.421+(-0.349 x
HVa)

0.329 0.108 -0.329 4.614 0.038

Length of minor axis 24.161+(0.428 x
HV)

0.406 0.165 0.406 7.509 0.009

aHalux valgus

Discussion
In this study, data were not distinguished by group in the simple linear regression analysis. In the
assessment of one-leg stance balance, the length of the major and minor axes signi�cantly increased in
the HV group compared with the normal group. Among gait parameters, time change from the heel to
forefoot, expressed as percentage change, was signi�cantly shorter in the HV group than in the normal
group. In linear regression analysis using HVA as an independent variable, the minor axis and time
changes from heel to forefoot, expressed as percentage change, were signi�cantly different between the
groups. However, other balance and gait parameters were not signi�cantly different between the groups.
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A comparison of the two groups revealed no signi�cant differences in most balance and gait parameters
evaluated. This �nding may be attributable to the young age of subjects (i.e., in their 20 s) and their
health status, as they did not complain of pain and other symptoms, according to the inclusion criteria.
Nonetheless, a few balance and gait parameters were signi�cantly different between the groups.

In the comparison of parameters used to assess one-leg stance balance, the length of the major and
minor axes was signi�cantly longer in the right and left feet in the HA group than in the normal group.
During standing on the left leg, force (%) on the forefoot was signi�cantly lower in the HA than in the
normal group, whereas force (%) on the back foot was signi�cantly higher in the HA group than in the
normal group. According to Cavanagh et al. [23], the plantar pressure distribution is located in the rear
foot (60%), midfoot (8%), forefoot region (28%), and toes (about 4%), and the forefoot’s peak pressure
occurs under the second metatarsal head. Nyska et al. [24] stated that HV altered typical biomechanics,
caused functional impairment of the great toe, and increased central metatarsal loading. Hutton and
Dhanendran [25] suggested that changes in HV feet were accompanied with reduced weight-bearing
function of the great toe, and reported increased peak pressure under the medial metatarsal head and
load imposed on the central forefoot region as a typical pattern. In addition, Bryant et al. [26] reported that
the peak pressure increased under the great toe region. However, Thomas and Barrington [6] claimed that
the contact area of the great toe could be reduced due to the deformity and infection of the �rst
metatarsal. Unlike results of previous studies, we found a signi�cantly higher force distribution (%) in the
back foot and lower force distribution (%) in the forefoot. This discrepancy can be explained by the young
age of our subjects. However, this �nding suggests the possibility that HV can cause distribution changes
in plantar pressure; that is, toe deformity is closely associated with plantar pressure [19]. In contrast, this
study found that HVA can help increase the path of the COP shift rather than plantar pressure, according
to linear regression analysis. Carvalho et al. [27] asserted that HV could affect sway during shifts of the
COP to varying degrees, depending on the forefoot width and foot arch. Wen et al. [13] reported that
contact time extends as motions increase loading on the lateral and medial rear foot regions. Although
our study found different distribution patterns of plantar pressure in the HV feet compared with that
reported in previous studies, such a difference implies that pressure could increase in some parts of the
plantar relative to other parts of the plantar. As a result, COP bearing capability and shift distance may be
affected more frequently in HV.

In the comparison of gait parameters between the two groups, time change from the heel to forefoot,
expressed as percentage change, was signi�cantly shorter in the right and left feet in the HA group than
in the normal group. In the assessment of left foot-related parameters, time change from the heel to
forefoot, expressed as elapsed time, was also signi�cantly shorter in the HA group than in the normal
group. Canseco et al. [28] reported that foot-related disorders affect gait parameters. Nix et al. [29]
reported that the experimental group with HA had changes in the weight-bearing pattern under the great
toe and metatarsal head while walking. Menz and Morris [4] reported decreases in gait speed and phases
in the HA group compared with the normal group. Deschamps et al. [1] stated that patients with HA
demonstrated similar gait pattern and time to those of healthy individuals during the entire stance and
swing periods and that there was a difference in plantar pressure distribution during walking between the
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groups. According to Wen et al. [13], the tendency of increasing weight bearing at the midfoot, once
started in the early stance phase of gait, eventually delays weight transfer from the medial side to lateral
side of the foot. In the present study, we found no differences in the entire stance period as expressed in
seconds and as a percentage. However, time change from the heel to forefoot was shorter, which
indicates a shorter duration of weight bearing at the forefoot. When walking is repeated with this
parameter, the forefoot’s pressure will aggregate, increasing the risk of cumulative damage to the foot.

The plantar pressure measurement serves as an indicator of foot and ankle functions during walking and
other functional activities. The size and pattern of pressure distribution at the plantar surface depends on
the structural and functional status of the foot and ground state. Abnormal foot pressures are associated
with not only pain but foot deformity [30].

This study has some limitations. Pressure distribution parameters were used in the gait analysis of the
forefoot as a whole rather than the hallux region; thus, further analysis of the forefoot segments is
required in future studies. Given that only young subjects in their 20 s participated in this study, a larger
study sample that includes older adults is necessary in further studies.

Conclusions
The present study identi�ed the relationship of HVA with balance and gait performance in young adults
by measuring the HVA and analyzing static and dynamic parameters obtained from one-leg stance and a
6-m walking test. Given that walking is a repetitive activity, young adults with HV could potentially
develop disease or cumulative damage to the feet in later stages of life. Future studies are needed to
address this possibility through accurate measurements and analysis.
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HV: Hallux valgus

HVA: Hallux valgus angle
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