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ABSTRACT

S The aim of this study was to investigate the effects of different walking

Article Info: strategies, including normal, toe-out, and toe-in walking, on peak force and plantar
pressure distribution across ten foot regions.
The study population consisted of university students aged 18 to 25 years.
Accepted: 9 Feb. 2025 A total of 21 participants were randomly selected using G*Power software. The RS-
Available Online: 9 Feb. 2025 Scan International footscan system, with a sampling frequency of 253 Hz, was used
to assess the distribution of peak force and plantar pressure. A mixed-design ANOVA
was employed for analysis.

Overall, compared to normal and toe-out walking, toe-in walking reduced
peak force and plantar pressure in the big toe, first metatarsal, and medial heel
regions. However, itincreased peak force and plantar pressure in the fourth and fifth
metatarsals and the midfoot region. Toe-out walking, compared to normal and toe-
in walking, increased peak force and plantar pressure in the first metatarsal but
decreased peak force in the third metatarsal and plantar pressure in the third and
fourth metatarsals.

Received: 5 Feb. 2025

Keywords: Toe-in walking may be beneficial for rehabilitation, whereas toe-out

walking could pose a risk for individuals with patellofemoral pain syndrome.
Normal walking, Toe-out Individuals with flat feet should adopt a toe-in walking pattern and avoid a toe-out
walking, Toe-in walking, pattern, whereas those with high arches may benefit from the opposite strategy. For
Maximum force, Maximum patients with medial knee osteoarthritis, the choice between toe-in and toe-out
pressure walking should be guided by their foot posture.
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1. Introduction

A wide range of interventions and strategies are considered for individuals with osteoarthritis (6). Recent
research indicates that modifying gait patterns can effectively reduce knee adduction torque in patients
with knee osteoarthritis (7). Studies have shown that rotating the foot outward (toe-out) or inward (toe-in)
during gait decreases both the initial and secondary peaks of knee adduction torque, which is one of the
therapeutic goals for these patients (8). However, research on the most effective gait pattern for these
patients remains limited and inconclusive. The use of modified gait can help adjust and distribute plantar
pressure, reduce pain, and improve muscle function in individuals with various lower limb pathologies,
such as knee osteoarthritis, flat feet, and high arches. In patients with joint mobility limitations, ground
reaction forces (GRFs) are not distributed normally across a larger area of the foot, leading to increased
pressure in specific plantar regions during gait. For instance, in diabetic patients, repetitive pressure on a
localized area of the foot during walking can lead to callus formation and, ultimately, foot ulcers.
Additionally, during the push-off phase, ineffective force transmission from the ankle to the upper body
results in prolonged pressure duration, increased impact, and, consequently, forefoot ulcers (9). These
findings highlight the significance of modified gait patterns in redistributing forces and mitigating
excessive pressure on specific foot regions. Despite the potential benefits, research on the most effective
walking strategies for target populations remains limited. Therefore, the present study investigates the
effects of different gait strategies (hormal, toe-out, and toe-in) on plantar pressure variables. This research
may provide new insights into pain reduction and biomechanical correction in various lower limb
pathologies using non-invasive methods.

2. Methods

The statistical population of this study comprised healthy male university students aged 18 to 25 years. The
sample size was determined using G*Power software, estimating 21 participants for the mixed-design
analysis of variance (10). To record plantar pressure variables and load distribution across ten foot regions,
the RsScan International footscan device was used, with a sampling frequency set at 253 Hz. Participants
performed gait trials under three conditions—normal walking, toe-out walking, and toe-in walking—while
barefoot. Each walking strategy was tested in three trials. Data analysis was conducted using repeated
measures multivariate analysis of variance (MANOVA) in SPSS software (p < 0.05). The Bonferroni post-
hoc test was applied for pairwise comparisons.

3. Results

When walking with a toe-in pattern compared to normal walking, the maximum plantar force in the big
toe, first and second metatarsals, and medial heel significantly decreases (p < 0.05), while the maximum
plantar force in the fourth and fifth metatarsals and the midfoot region significantly increases (p < 0.05).
When walking with a toe-out pattern compared to normal walking, the maximum plantar force in the first
metatarsal significantly increases (p < 0.05), while it significantly decreases in the third and fourth
metatarsals (p < 0.05). Walking with a toe-out pattern compared to a toe-in pattern significantly increases
the maximum plantar force in the first metatarsal (p < 0.05) but significantly decreases it in the third and
fourth metatarsals (p < 0.05). Walking with a toe-in pattern compared to a toe-out pattern significantly
decreases the maximum plantar force in the first metatarsal (p < 0.05) and significantly increases it in the
fifth metatarsal (p < 0.05).

When walking with a toe-in pattern compared to normal and toe-out walking, the maximum plantar
pressure in the big toe and medial heel significantly decreases (p < 0.05), while the maximum plantar
pressure in the fourth and fifth metatarsals significantly increases (p < 0.05). When walking with a toe-in
pattern compared to normal walking, the maximum plantar pressure in the first metatarsal significantly
decreases (p < 0.05), while it significantly increases in the midfoot region (p < 0.05). When walking with
a toe-out pattern compared to normal walking, the maximum plantar pressure in the first metatarsal
significantly increases (p < 0.05), while it significantly decreases in the second and third metatarsals (p <
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0.05). When walking with a toe-out pattern compared to a toe-in pattern, the maximum plantar pressure in
the first metatarsal significantly increases (p < 0.05), while it significantly decreases in the third metatarsal
(p <0.05) (Table 1).

Table 1. Results of the comparison of peak plantar pressure exerted on the ten regions of the foot while walking barefoot in
normal, out-toeing, and in-toeing gait strategies.

Region Strategy Mean Standard
Differences Error P value

Deviation
Toel Normal Walking Toe-out 0.202 1.058 0.851
Normal Walking Toe-in 2.734" 0.980 0.014
Toe-out Toe-in 2.532" 1.114 0.039
Toes 2-5 Normal Walking Toe-out -0.585 0.375 0.141
Normal Walking Toe-in -7.279 0.664 0.681
Toe-out Toe-in 0.307 0.675 0.656
First Metatarsal Normal Walking Toe-out -3.931 0.689 0.000
Normal Walking Toe-in 4.141 0.603 0.000
Toe-out Toe-in 8.072 0.726 0.000
Second Metatarsal Normal Walking Toe-out 1.008" 0.462 0.047
Normal Walking Toe-in 0.381 0.862 0.665
Toe-out Toe-in -0.627 0.832 0.464
Third Metatarsal Normal Walking Toe-out 2.440" 0.819 0.010
Normal Walking Toe-in -1.059 1.090 0.348
Toe-out Toe-in -3.499" 1.229 0.013
Fourth Metatarsal Normal Walking Toe-out 1.481 1.048 0.180
Normal Walking Toe-in -4.648" 1.246 0.002
Toe-out Toe-in -6.129" 1.654 0.002
Fifth Metatarsal Normal Walking Toe-out 0.530 0.465 0.273
Normal Walking Toe-in -2.769" 0.430 0.000
Toe-out Toe-in -3.299" 0.460 0.000
Midfoot Normal Walking Toe-out -0.417 0.731 0.577
Normal Walking Toe-in -1.349" 0.387 0.004
Toe-out Toe-in -0.932 0.812 0.271
Medial Heel Normal Walking Toe-out -0.201 0.867 0.820
Normal Walking Toe-in 1.401" 0.611 0.038
Toe-out Toe-in 1.602" 0.641 0.026
Lateral Heel Normal Walking Toe-out -0.211 0.729 0.776
Normal Walking Toe-in -1.051 0.667 0.138
Toe-out Toe-in -0.840 0.567 0.160

4. Conclusion

Adopting a toe-in gait strategy can be an optimal approach in rehabilitation and exercise therapy for
individuals with patellofemoral pain syndrome (12), as it reduces the forces exerted on the first and second
metatarsals. Conversely, adopting a toe-out gait strategy is a risk factor and may exacerbate this condition.
Stress fractures in bones are associated with increased loading in various regions of the foot (14). Some
research findings indicate that individuals with flat feet experience greater loading in the medial region of
the foot (5). Therefore, individuals with flat feet who adopt a toe-out gait strategy are at a potential risk of
developing stress fractures in the second to fifth toes, as well as the first and second metatarsals. Individuals
with high arches experience greater overall stiffness in the lower leg and a higher external loading rate
compared to those with flat feet during activity (15). Since the toe-out gait pattern reduces the force exerted
on the lateral bones of the foot, it can be considered a force-modifying strategy for individuals with high
arches and may be incorporated into their rehabilitation approaches. On the other hand, high arches can
lead to issues in the hip and knee joints and are a risk factor for lateral ankle sprains (17). Therefore, the
toe-out gait pattern may help prevent injuries to the lower limb joints, particularly lateral ankle sprains,
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which are highly prevalent. Increased loading in the medial region of the foot is a risk factor for inversion
ankle sprains. Thus, immediately after inducing fatigue, the toe-out gait strategy can serve as a force-
distribution-modifying strategy for individuals with high arches (18).
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